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INTRODUCTION 
Barrenness, the failure to produce a normal ear, has been 
observed to be a problem in corn (Zea mays L.) under conditions 
of plant stress due to insects, disease, lack of moisture or 
minerals, and/or increased plant population. The effects of 
insects, diseases, and moisture and mineral deficiencies on 
barrenness have been well documented. However, the cause of 
increasing barrenness with increasing plant population has not 
been well defined even in the wake of a vast amount of research 
on the problem. 
Because of loss of economic yield, i,e, grain yield, as a 
result of barrenness and the increasing practice of planting 
higher populations it is desirable to understand the factors 
affecting barrenness to permit selection of hybrids which will 
respond to high populations as well as cultural practices which 
will reduce the degree of barrenness and increase the economic 
yield. 
Recent investigations have shown marked difference in the 
response of different genotypes to increasing plant populations. 
These reports have attributed the cause of barrenness to low 
light flux density per plant, decreased levels of nitrate re­
ductase activity, delayed silking, decreased root zone, and 
differential accumulation of dry matter. 
There are many factors which lead to the manifestation of 
barrenness in corn and it is not feasible to consider all 
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factors nor desirable to investigate all of the criteria which 
have been shown to be related to barrenness. 
It is the purpose of this research to further elicite some 
of the factors affecting barrenness within two groups of hybrids 
which previously have been classified as tolerant and. intolerant 
to high plant populations. To attain this goal the following 
objectives were set forth: 
1. To investigate the effects of various dates of 
planting and plant populations on selected plant attributes and 
show their relationship, if any, to barrenness and yield, 
2, To determine the relationship of barrenness to percent 
stalk sugars, nitrate reductase activity and dry matter per­
centage prior to silking. 
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LITERATURE REVIEW 
Barrenness is the failure to reproduce. In corn, a mo­
noecious plant, this failure is usually expressed in the female 
flower resulting in the loss of the economically important 
portion of the plant. Numerous factors investigated have been 
shown to result in barrenness, which is an individual plant 
response to a given plant community situation. Huber (1961) 
states in his "law of tolerance" that the failure of a crop may 
be caused by a deficiency or an excess of any one of several 
physical and biotic factors. These tolerance limits of a plant 
or plant community may be modified by various physical and 
ecological factors. It is known that too many plants per acre 
elicit diverse responses by the com plant, and the number of 
plants per unit of space influences the nutrient and water 
requirement of the crop. 
The role of plant population in corn production was amply 
reviewed, by Dungan et (1958). Since their review, con­
siderable research on the subject has been reported. 
Increasing plant population resulted in reduced number of 
ears per stalk or per 100 stalks (Dungan e^ 1958, Woolley 
et 1962, Prine and Schroder 1964, Norden 1961, Colville 
1962, Hinkle and Garrett 1961) and a corresponding decrease in 
ear weight or kernel number has generally been observed for 
corn belt hybrids (Dungan et al. 1958, Woolley et a^. 1962, 
Colville 1962)c Southern workers using prolific hybrids have 
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found little or no effect on ear size with increasing plant 
population primarily due to a decrease in ear number rather 
than ear size per plant (Hinkle and Garrett 1961, Norden 1961, 
Prine and Schroder 1964, Wofford et al. 1956). 
Optimum population for maximum yield, which is a function 
of ear size and number of ears per acre, changed from time to 
time and place to place according to Stringfield (1962), Warren 
(1963) presented data illustrating that for each variety grain 
yield per acre followed a curvilinear function, while ear weight 
followed, a negative linear function as planting rate was in­
creased. Rossman and Cook (1966) concluded from the review of 
numerous experiments that for a given hybrid, yields of corn 
generally increased as the population increased until one or 
more factors such as soil fertility, water supply, cultural 
practices, climate, light and other factors become limiting. 
The reduction in yield with increasing plant populations was 
found by Lang ejt al, (1956) to be primarily due to barrenness 
and to a lesser degree decrease in ear weight. 
Increasing plant population as a means of maximizing yields 
has increased the problem of barrenness with light being con­
sidered by many to be the most limiting factor, Stinson and 
Moss (1960) found barrenness to vary for different hybrids from 
5,8 to 21,5% higher under artificial shaded condition than with 
normal sunlight. Earley et a2. (1966) studied the effect of 
various levels of shading on two single crosses, Hy2 x 0H41 and 
Wf9 X C103. At 70% normal sunlight neither hybrid produced 
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more than one ear per plant even though the population was 
approximately 330 plants per acre* However, failure to produce 
even one ear or complete barrenness did not occur until only 
20% of full sunlight was available for Wf9 x G103 and 10% light 
for Hy2 x Oh41. It was concluded that the reduction in ear 
number per plant with the increasing rates of planting may be 
due largely to reduction of light on the lower leaves by mutual 
shading which was in agreement with the previous reports of 
Prine (1961), Prine and Schroder (1964), 
Hageman and Flesher (1960), Hageman et al. (1961), 
Knipmeyer et al. (1962), Zieserl and Hageman (1962), and 
Zieserl et (1963) have implicated the enzyme nitrate re­
ductase, which is concerned with reduction of nitrate to 
nitrite as the first step in nitrogen assimilation into amino 
acids and. protein, as a controlling factor in determining the 
population tolerance of a hybrid. The activity of this enzyme 
is associated with amount of solar radiation, internal moisture 
status of plant, and level of nitrate in soil. Studies of 
artifically shaded plants and plants grown under various popu­
lations giving various degrees of shading due to competition 
were found to respond, in a similar manner, i.e. both increasing 
shade and increasing population caused lower levels of nitrate 
reductase activity and resulted in an increased nitrate accumu­
lation in the plant. 
When a high population tolerant hybrid, Hy2 x Oh7, was 
compared with high population intolerant hybrid, Wf9 x G103, 
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the intolerant variety was affected more adversely by shading 
with respect to grain, stover, protein content, barren plants 
and nitrate reductase activity (Earley ejt 1966, Knipmeyer 
et al. 1962, and Zieserl et aA. 1963), 
From the results of a variety of experiments involving 
inbreds and hybrids at various population levels there is ample 
evidence that the response of genotypes to population and the 
degree of barrenness are genetically controlled (Lang ^  al. 
1956, Woolley ejt 1962, Rossman 1965, Dun g an et 1958, 
Zieserl et a2. 1963, Schwanke 1965, Collins e_k alo 1965). 
Lang ^  (1956), Woolley ^  (1962), Schwanke (1965) 
and Zieserl et (1963) at separate times and locations 
demonstrated the intolerance of the single cross Wf9 x G103 to 
high plant populations. Lang et (1956) reported Wf9 x G103 
had an optimum population of about 12,000 plants per acre 
whereas Hy x 07 continued to increase in yield up to 20,000 
plants per acre, Stringfield (1962) indicates shade tolerance 
is a genetic variable and it is associated with crowding toler­
ance. 
Prolific hybrids according to Zuber and Grogan (1956) are 
more stable to population changes than single eared hybrids 
because of their multi-ear characteristic and thus have a 
higher optimum population. Collins e^ al. (1965) compared 36 
single crosses involving one eared and two eared inbred lines. 
The two eared x two eared single crosses were the most stable 
in their yield response, thus lending additional support to 
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Zuber and Grogan's (1956) findings. 
Removal of tassels or the use of male sterile hybrids has 
been shown by Leonard and Kiesselbach (1932), Grogan (1956), 
Duvick (1958), Ghinwuba et al. (1961) and Schwanke (1965) to 
result in decreased barrenness and increased yield for most 
varieties or hybrids when grown under stress conditions of low 
moisture, low fertility and/or high plant population, Grogan 
(1956) attributed the reduction in barrenness following de-
tasseling to be due primarily to less competition for nutrients 
between the developing ear and tassel than in the nondetasseled 
fertile plants, Duvick (1958) compared six normal fertile 
hybrids and their substituted cytoplasmic male sterile counter­
parts at six populations, at populations ranging from 7,000 to 
22,000 plants per acre, and in three different Midwestern 
states. At low plant populations male sterility reduced yields 
whereas at higher plant population the yields were significantly 
increased and barrenness was reduced, particularly at one lo­
cation where moisture stress occurred during the flowering 
period, Ghinwuba et (1961) obtained a 41.2 percent yield 
increase for the male sterile over the fertile counterpart at a 
population of 27,500 plants per acre. Their explanation for 
this response was a decreased competition between tassel and 
ear for photosynthate, A conclusion which is in agreement with 
Grogan's (1956) findings. 
Schwanke (1965) compared the effects of detasseled fertile 
and detasseled male sterile hybrids with their nondetasseled 
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counterparts at populations of 12,000, 22,000 and 32,000 plants 
per acre. As plant populations increased the response to de-
tasseling increased for most hybrids, particularly those that 
were intolerant to high populations, Male sterile hybrids gave 
less response to detasseling than their fertile counterpart. 
The nondetasseled male sterile plants produced 5-10% more grain 
than their normal fertile and usually exceeded the yields of 
their detasseled normal fertile counterparts. The increase in 
yield of the male sterile and detasseled plants was due prima­
rily to reduction in barrenness which is in agreement with the 
findings of Duvick (1958) and Grogan (1956). Sanford et al. 
(1965) studied nitrogen uptake and yield of two single crosses 
with one inbred and one single cross as male sterile counter­
parts of one of the other inbreds and the other single cross. 
It was suggested that the comparatively fewer ears, 0.2 for the 
inbred and. 0.4 for the hybrid, produced by the fertile counter­
parts accounted for their lower yields and was due to compe­
tition for nitrogen between the ear primordia and. the pollen. 
Moisture has long been considered a major factor in 
reducing yield, and increasing barrenness, Tatum (1954) indi­
cated one of the observed types of drought damage is barrenness 
and concluded, "It is but a small step from slow shoot develop­
ment and. delayed silking to barrenness," with an apparent 
association between barrenness under droughty conditions and 
barrenness due to high plant populations, Shaw and. Loomis 
(1950) observed unfavorable moisture conditions just preceding 
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tasseling resulted in an increased percentage of stalks which 
failed to develop an ear shoot to the silk stage, Denmead and 
Shaw (1960) presented data indicating moisture stress during 
the period from tassel emergence to silking resulted in 50 per­
cent yield reduction whereas earlier or later periods of stress 
resulted in only 20-25% yield loss. These findings are in 
agreement with results of Barnes (1966), Robins and. Domingo 
(1953), Tatum and Kehr (1951), and. Zuber and Decker (1956), 
All concur that lack of moisture manifests itself in delayed 
silking, poor pollination and fertilization. 
Barnes (1966) subjected, a single eared, hybrid. (Hy x G103) 
and a two eared hybrid (R71 x B60) to a single period of 
moisture stress at various stages of plant development. 
Stressing during the period, of tassel emergence and. during the 
silking stage delayed silking and pollen receptiveness of the 
silk in both hybrids. 
The level of barrenness at a given population may be 
caused by a lack of mineral nutrients. Dun g an _et (1958) 
has reviewed, much of the literature relevant to plant population 
and soil fertility interactions. The results of Lang _et al, 
(1956) and Hinkle and Garrett (1961) illustrate the general 
results obtained in soil fertility population interactions. 
Examination of the components of yield (ears per 100 plants, 
weight per ear and. weight per kernel) revealed that ears per 
100 plants was influenced, the most by population and to a 
lesser degree by the added nitrogen. The number of ears per 
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100 plants may be considered a measure of barrenness or barren­
ness tendency* 
Planting pattern studies have disclosed only slight 
affects on barrenness or number of ears per 100 plants. In 
general the closer the plants approach equidistant spacing the 
lower the level of barrenness, Golville (1962) obtained 85, 90 
and 97 ears per 100 plants for checked, hill dropped and 
drilled, respectively* Other reports show little or no effect 
of planting pattern on barrenness (Kohnke and Miles 1951, 
Woolley 1962) and in many cases no data on barrenness are pre­
sented (Rounds e^ a_lo 1951) even though yield increases were 
reported for the more equidistant or uniform plant distribution 
patterns. 
The differential response of different genotypes to con­
ditions of low levels of light, moisture, and soil fertility; 
high plant population, detasseling and male sterility; has been 
attributed to the differential accumulation of dry matter 
(Sowell ^  1961, Moss and Stinson 1961), rate of silk 
emergence (Sass and Loeffel 1959), ear primordia growth (Sass 
and Loeffel 1959, Collins 1963, Prine 1965), length of the 
interval between tasseling and silking (Woolley ^  1962, 
Sass and Loeffel 1959, Moss and Stinson 1961, Kohnke and Miles 
1951, Schwanke 1965), nitrate reductrace (Zieserl ^  1963, 
Knipmeyer et 1962) and plant sugar concentrations (Van Reen 
and Singleton 1952, Moss and Stinson 1961, Sowell ^  1961, 
and Knipmeyer e± al. 1962)» 
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Total dry matter production per plant decreases with 
increased plant population was shown by Eisele (1935), Shading 
experiment by Moss and Stinson (1961) and Earley ^  £l. (1966) 
typified population tolerant (barrenness tolerant) hybrids as 
also being shade tolerant. Moss and Stinson (1961) found 
greater reduction in yield due to shading for the intolerant 
hybrids but no difference in GO2 assimilation between tolerant 
and intolerant hybrids* 
Sowell ejt a2. (1961) using a normal and semi-dwarf 
(compact) isoline seeded at 52,000 plants per acre observed a 
decrease in barrenness from 62 percent for the normal to 5 per­
cent for the compact and. a 200 percent increase in grain yield 
for the compact variety over the normal due to the termination 
of vegetative growth at an earlier stage of development than in 
the normal variety. It was suggested by the researchers that 
the reduction in competition between the vegetative and repro­
ductive processes was the primary reason for the reduction in 
barrenness in the compact genotype, Schwanke (1965) examined 
26 hybrids and was unable to substantiate Sowell's ^  al, 
(1961) results although it was generally observed that total 
dry weight at tasseling was greater for the intolerant hybrids. 
Johnson e^t (1966) also observed, no vegetative growth of 
leaves and stalk during the period of visible ear growth and. 
maturation. 
Barrenness due to delayed, ear primordia growth, silk 
emergence and interval between tasseling and. silking may be 
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considered as a form of intra-plant competition. Sass and 
Loeffel (1959) studied three single crosses and four inbreds at 
population levels of 12,000 and 24,000 plants per acre and con­
cluded that tassel initiation was not inhibited by higher 
planting rates, but barrenness was associated with a marked 
retardation in the development of the pistillate flower, and 
particularly the ear and silk elongation which normally occurred 
approximately Ih days after planting was retarded. Sass (1960) 
ascribed the failure of second ear development to factors as­
sociated with competition prior to and after anthesis and not 
to a failure of pollination. Moss and Stinson (1961) concluded 
from their shading experiment that the effect of shading is not 
upon ear differentiation but upon the last stages of ear growth. 
A conclusion which was substantiated by Collins (1963) using 
two single-eared inbreds and two two-eared inbreds and their 
six possible single crosses. He ascertained that the three 
week period just prior to anthesis brackets the critical period 
and if growth of the second ear is retarded within three days 
of silking it failed to develop, even if silks were available 
and were hand pollinated. Prine (1965) observed the period 
from 2 days before to 3 days after silking to be the most criti­
cal period in ear development of semiprolific hybrid. 
The interval between tasseling and silking has been found 
to increase approximately one day for every 3500-4000 increase 
in plant population (Kohnke and Miles 1951, Sass and Loeffel 
1959, Dun g an e^ a2. 1958, Woolley e^ aj.. 1962, Moss and Stinson 
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1961, Schwanke 1965, Stringfield 1962). Both hybrids and 
inbreds have been shown to respond differentially in their time 
interval between tasseling and silking (Moss and Stinson 1961, 
Woolley e± 1962, Schwanke 1965). Moss and Stinson (1961) 
found silking to be delayed five days for intolerant hybrids 
while the tolerant hybrids were delayed only three days by 
shading, Woolley et a_l, (1962) observed greater silk retar­
dation and subsequent barrenness in a dry year and under high 
population than under low population or favorable moisture 
supply. Inbreds known to be adversely affected by high popu­
lation, moisture or fertility stress, produced single crosses 
also having a greater delay in silking, more barrenness, and 
lower yields. Lonnquist and Jugenheimer (1943) examined the 
receptivity of silks of various ages to pollen and found drought 
susceptible inbreds produced a 50% seed set when four day old 
silks were pollinated while drought resistant inbreds produced 
a 50% seed set with six to seven day old silks. Hybrids re­
mained receptive over a longer period and produced a 50% seed 
set when 10 day old. silks were pollinated. However, any delay 
in pollination after silk emergence resulted in some reduction 
in seed set. 
Zieserl et (1963) measured nitrate reductase activity 
in four single crosses, two high population tolerant and two 
high population intolerant. Nitrate reductase activity was 
found to be higher in the population tolerant hybrids which 
substantiated the earlier findings of Knipmeyer ^  (1962) 
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in which they concluded that nitrogen metabolism was more 
adversely affected by increased plant population than was 
carbohydrate metabolism. 
Investigation of sugar concentrations in the stalk and 
leaves have for the most part been concerned with the post 
pollination period* In all cases barrenness has resulted in an 
increase in stalk sugars (Moss and Stinson 1961, Kiesselbach 
1948, Loomis 1935, Barr 1939, Moss 1962), 
Van Reen and Singleton (1952) found the sucrose content of 
the lowest internode to increase rapidly from the late whorl 
stage through the pollination period and then decrease approxi­
mately three weeks after pollination. Differences in stalk 
sugar could not be explained in terms of amount of grain pro­
duced. The inbreds G103 and Wf had the highest sucrose levels 
while 38-11 and Hy had the lowest. With respect to tolerance 
and intolerance the former had been reported as intolerant and 
the latter as tolerant to high population (Knipmeyer ^  al. 
1962 and Zieserl e_t a2. 1963). Sowell e^ (1961) observed 
higher fructose concentrations in the stem and leaf sheath of 
the normal inbred Hy than the compact mutant at ten days prior 
to silking, but by the silking stage there was no significant 
difference in fructose content. The compact produced only 5% 
barren plants at 52,000 plants per acre while the normal Hy 
produced 62% barrens. Moss and Stinson (1961) conclude from 
the results of their study that sugars in the stalk could not 
be correlated with shade tolerance, but their sugar determi-
15 
nations were made after silking and ear formation. 
One aspect of barrenness which appears to have been neg­
lected is the effect of date of planting. Numerous recent 
investigations have substantiated, the yield, superiority of 
early dates, Michigan data presented by Rossman and Cook (1966) 
and. Rossman (1965) illustrates the superiority of early May 
plantings. May 1-9 plantings averaged 9% greater yields than 
May 12-20, 16% higher than May 22-31 and 27% more than June 1-
11 plantings. Similar results are presented by Benoit ^  al. 
(1965), Grogan et (1959), Dungan (1944), Boone ^  al. 
(1966), Stringfield and Anderson (1954) and. Hume ^  (1956), 
Earlier studies conducted by Kiesselbach _et (1935) in Ne­
braska indicated, no advantage for any planting date between 
April 25 and. June 14 due to factors which cannot be foretold at 
the beginning of the season, such as, timeliness of rain, the 
occurrence of drought and hot winds and. the length of the 
growing season. 
Research in Southern states support medium to early plant­
ing dates for maximum yield, because insects and. diseases tend 
to increase with delay in planting (Stacey 1941, Johns and 
Brown 1941), In Iowa it has been a common practice to delay 
planting until middle or latter part of May to reduce corn borer 
damage. This practice is based on farmer experience and. sub­
stantiated by data of Everett (1959), who observed a 73% re­
duction in corn borer larva per 100 plants with middle to late 
May plantings as opposed to early May plantings, Pappelis and 
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Boone (1966) report an increase in stalk rot with early (April 
15) plantings and little or no stalk rot with plantings made 
after May 15 in Illinois, 
Mangelsdorf (1929) established the optimum time of planting 
in Texas to be approximately the same as the average date of 
the last frost. Pendleton (1966) indicated that the higher 
yields in Illinois from plantings as early as frost free con­
dition prevail were due to tasseling and silking occurring 
before the most severe moisture stresses occurred. 
The effect of date of planting on plant development in­
volves the influence of temperature, light duration and 
intensity and all of their interactions. 
The general observation that delaying the date of planting 
reduces the time between planting and silking has been reported 
by Mooer (1922), Mangelsdorf (1929), Stacey (1941), Grogan et al. 
(1959), Rounds ^  (1951), Kiesselbach _et _al. (1935), and 
Mangelsdorf (1929)* Associated with the hastening of plant 
development and maturity of later dates of planting is a general 
increase in plant height (Kiesselbach et 1935, Johns and 
Brown 1941, Everett 1959, Chiang and Hodson 1963), increase in 
ear height (Kiesselbach 1950, Grogan ejk a2. 1959) and leaf area 
Ragland al. (1965). Potential ear size as measured by rows 
per ear and kernels per row were found by Ragland et (1966) 
to increase with delay in planting with the total. Potential 
kernels per ear for April 15, May 22, and June 26 plantings 
averaging 775, 883 and 831, respectively. Actual filled kernels 
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and potential kernels were found to differ rather markedly. 
Hatfield et a^. (1965) observed 731, 672 and 643 kernels per 
ear and a yield of 232*2, 222,2 and 193,2 grams per ear for 
April 8, May 9 and June 10 planting dates, respectively, 
Norden (1961) reported a marked reduction in ear weight with 
late plantings, a finding which is in agreement with the result 
of Ragland et aj., (1966) and Hatfield ^  (1965). 
Early planting has generally resulted in improved grain 
quality as determined by higher bushel weights as reported, by 
Grogan _et (1959), Dun g an (1944), Kiesselbach e± al, (1935), 
Hume e;t (1956), Gilmore and Rogers (1959), Ragland et al. 
(1966) and Leonard aX, (1940). 
In many of the older studies plant population of 7,000-
10,000 plants per acre were used thus barrenness was either not 
observed or was not reported, Chiang and Hodson (1963) obtained 
as a two year average 1,3, 2,3 and 1,3 ears per plant for May 
10, May 24 and June 7 planting dates respectively for sweet 
corn in Minnesota, A fourth planting on June 22 in one year 
averaged one ear per plant. The plant population for each date 
of planting was not given, Norden (1961) noted no appreciable 
effect of late planting on the number of ears per plant in 
Florida, However, he reports a significant date rate inter­
action with high population performing best at the early date 
of planting. Wofford et (1956) observed reduced yield and 
fewer ears per plant for March 1 planting in 1955 but in the 
1956 the March 1 planting out yielded the April 1 planting. 
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Number of ears per plant in the second year was not reported. 
Rate of silking or time span between tasseling and. silking-
has not commonly been reported, for date of planting studies 
Grogan et a2. (1959) observed, no difference between tasseling 
and silking dates as a mean for eight hybrids in Missouri at 
three different dates of planting. Data for individual hybrid 
response was not presented, Everett (1959) observed an average 
delay of two days in silking between May 2 and May 23 dates of 
planting for two hybrids grown in Iowa during a two year study. 
It is evident from the literature reviewed that barrenness 
is a physiological response of the plant to inter- and intra-
specific competition associated, with stresses due to moisture, 
mineral nutrition, light and/or population and is altered by 
genotype, male sterility and. detasseling. The critical period, 
for development of the ear apparently encompassing the three 
weeks just prior to silking. The literature available on effect 
of date of planting on barrenness is limited and. somewhat 
contradictory. 
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MATERIALS AND METHODS 
Single cross hybrids of corn which previously had been 
classified by Schwanke (1965) as tolerant or intolerant to high 
plant populations were selected, for their tolerance or intoler­
ance to permit evaluation of factors which contribute to 
barrenness. The population intolerant hybrids studied in 1965 
were Wf9 x C103 and Hy x G103 and in 1966 Hy x C103, and 071 x 
705, The tolerant hybrids investigated in 1965 and 1966. were 
M14 X B14 and 07 x Hy and in addition 695 x 344 was studied in 
1966. 
The experimental site was the Beach Avenue Research Area 
near Ames, Iowa, (42° 02' N. latitude) where sprinkler irri­
gation was available. The soil is a Colo silty clay loam under 
lain with lenses of fine sand at depths of 4% to 6 feet. The 
fertility of the site was medium to low for N, P, and K with a 
soil pH of 6,5, The experimental area was fall plowed both 
years and all of the fertilizer was disked, in prior to planting 
the first date. 
The planting dates, irrigation dates and. amounts and. 
fertilizer applications are listed in Table 1, 
Weed control in 1965 was achieved, with the use of atrazine 
broadcast after seeding the second date at the rate of 3,75 
pounds of 80% wettable powder per acre. No mechanical culti­
vation was used, although some hand weeding was practiced. In 
1966, Ramrod was broadcast just after planting the first date 
20 
Table 1. Planting dates, irrigation and fertilizer applications 
in 1965 and 1966 
Planting Fertilizer Irrigation 
Kind Amount 
(lbs.) 
Date Amount 
(in.) 
1965 
April 20 N 160 May 18 1.0 
May 3 P 35 July 20 5.0 
May 15 K 66 Aug, 9 4.5 
June 7 
1966 
April 14 N 159 July 12 4.5 
May 3 P 22 July 28 4.0 
May 20 K 42 
June 7 
at the rate of 3^ pounds per acre followed by a shallow sweep 
cultivation on June 20, Weed control was fair to good in 1965 
and excellent in 1966. 
A split-split plot randomized block design was used both 
years with the main plots consisting of four dates of planting. 
The sub-plots were the four hybrids in 1965 and five hybrid in 
1966 and the two populations, 19,000-21,000 (normal) and 30,000-
36,000 (high), constituted the sub-sub plots. Each treatment 
was replicated four times. 
The sub-sub plot area consisted of four rows 30 inches 
apart and 25 feet long. A 3 foot alley separated main plots to 
facilitate access to the plots. The harvested area for grain 
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and stover yields consisted of 20 feet and 16 feet from the two 
center rows in 1965 and 1966 respectively. The plots were 
drilled at 1.5 times the desired population and then thinned 
when the plants were approximately 8-12 inches tall. 
Harvesting of grain and stover was done by hand. Dropped 
ears were gleaned and credited to plot yield. Moisture per­
centage of grain at harvest was determined by oven drying the 
grain from eight or more ears per plot. Grain yields are re­
ported as bushels per acre of shelled corn at 15.5% moisture. 
Similarly oven dry matter determinations were made for sub-
samples of stover harvested, from two of the four replications 
and yields are reported as tons per acre of oven dry stover. 
Bushel weight was determined with the standard Winchester 
bushel tester on three of the four replications in 1965. 
Twenty plants in each plot were tagged systematically i.e. 
every 2nd plant in the normal plant population or every 4th 
plant at the high population and the dates of anthesis (pollen 
shed) and silking for the individual plants were recorded on 
the tags. Anthesis and silking dates for the various treatments 
were based on the mean of the twenty tagged plants. 
Leaf area estimates were made on five randomly selected 
tagged plants in all plots in 1965, but only on two replications 
in 1966. The method of Montgomery (1911) and McKee (1964) of 
measuring the length x width of each leaf times a factor, 0.75, 
was used to estimate the leaf area. Measurements of leaf area 
were made within a week to ten days after the 50% silking date. 
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Notes on plant height to the base of the tassel and height of 
the upper ear bearing node were taken on the tagged plants 
before lodging and. stalk breakage became a problem. Barrenness 
and lodging notes were taken just prior to harvest and at 
harvest the number of nubbins and normal ears were determined 
for each plot. Barren plants were those plants which failed to 
produce an ear or a cob without any kernels of corn on it. 
Nubbins were considered to be ears with kernels but less than 
25 percent of the cob surface being occupied by kernels. 
A hand, refractometer was used in 1965 to make measurements 
of soluble solids or sugar percentages of the plants growing in 
the field. Each of the tagged plants was sampled after tassel 
emergence and. before silking using a number 2 cork bore to 
obtain a sample of rind. and. pith tissue from the sixth internode 
from the apex of the plant. This usually corresponded to the 
first or second internode above the upper ear bearing node. A 
drop of liquid was squeezed, from the cork bore sample with a 
pair of pliers on to the prism of the refractometer and. the 
percent sugar was read directly. 
In 1966 a second study involving the normal fertile plants, 
the detasseled. and the cytoplasmic male sterile plants of Oh43 
X B37 and. Wf9 x G103 and the fertile and. detasseled. plants of 
Hy X C103 was conducted to investigate the effect of planting 
date, detasseling, and male sterility upon nitrate reductase 
activity, sugars, dry matter content, and refractometer readings 
during the period from tassel emergence to 2-3 days after silk 
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emergenceo 
One row plots 30 inches apart and 50 feet in length with 
border rows between genotypes were drilled on April 21 and June 
15 and then thinned to a population of approximately 34,000 
plants per acre when 8-12 inches tall. Two replications were 
used with genotypes as main plots and fertile, detassel and 
male sterile as sub-plots. Sampling began when the tassel 
emerged for the first hybrid and was continued at 2-3 day 
intervals until the last hybrid had silked. The area sampled 
for each date was not randomized across replications or entrieso 
Sampling was begun at the end of the row proceeded serially 
down the row for each successive sampling date with border 
plants left between sample areas. 
Nitrate reductase activity determinations were made on the 
composite of the third leaf from the apex of three randomly 
selected plants. Two sets of leaves were assayed, on each 
sample date. One set was collected by 8:00 a.m. C.S.T, and the 
second set was collected between 11:45 and 12:15 p.m. The 
leaves were placed immediately into an ammonium free ice water 
bath following removal from the plant and were not removed 
until they were prepared for the assay. The procedure of 
Hageman and Flesher (1960) was followed in assaying for nitrate 
reductase activity. All assays were completed within three 
hours of the collection time and usually within two hours and 
15 minutes. Nitrate reductase activity is expressed in micro-
moles of KNO2 formed in a 15 minute incubation period and was 
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measured coLorimetrically. 
When the afternoon (p.m.) nitrate reductase leaf samples 
were collected the internode immediately above the ear node 
also was collected from two of the three plants from which leaf 
samples were taken. These internod.es were immediately placed 
in an ice water bath and. taken to the laboratory where the leaf 
sheath was removed and the internod.es split longitudinally. 
Both sections were weighed and. one was oven dried at 70° C, to 
determine the percent dry matter and the other section was 
ground in a Waring blender in 80 ml of 0.2N H2SO4. Grinding 
time varied with size of internode but average approximately 3 
minutes. After grinding, the pulp and grinding media were 
poured into 250 ml flasks and. refluxed for one hour in a boiling 
water bath and then filtered through #42 Whitman filter paper 
then poured, into volumetrics and. diluted to a volume of 100 ml 
with ammonium free water. The extraction procedure used was a 
modification of the method presented, by Smith (1962), A 12 ml 
aliquot was then transferred to plastic tubes, capped and stored, 
in the deep freeze until the sugar analysis was completed. A 
two ml aliquot of the thawed samples were raised to a volume of 
10 ml with ammonium free water and were analyzed, for glucose by 
the Shaffer-Somogyi method, described, by Heinze and. Murneek 
(1940)o The results were expressed as percent sugar on a dry 
weight basis. 
Before splitting the internode a refractometer reading was 
taken. The refractometer readings were obtained primarily for 
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the purpose of correlating them with the sugar values determined 
by the Shaffer-Somogyi method. 
Statistical computations were made as per Snedecor (1956) 
and LeClerg e± a_lo (1962). The standard analysis of variance 
as presented in Table 2 was performed on the date of planting 
studies for all variables measured with the following deviations: 
stover yield and grain-stover ratios data were collected from 
only 3 replications in both years, in 1966 anthesis and silking 
information were recorded for the first three replications and 
leaf area measurements were made on two replications, 
Bartlett's (1937) test of homogeneity of variance was 
applied to the error (a) and (b) mean squares of the two dates 
of planting studies for the variates: grain stover ratio, leaf 
area, ear height and silking date. In no case were both error 
(a) and (b) for a given variate homogeneous. Therefore, no 
attempt was made to compute a combined analysis for the various 
variates measured. 
Correlations coefficients for variates measured in 1965 
were combined after testing for homogeneity of the data. Be­
cause of the practices of measuring anthesis, silking in terms 
of days from July 1 it was not possible to run correlations 
over all dates of planting without having the effect of date of 
planting mask the hybrid response. To permit comparison of the 
various dates of planting the correlation coefficient of the 
hybrids for each date were compared by transformation to Z 
values and the Chi-square test illustrated by LeClerg e± al. 
26 
Table 2. Sources of variation and. degrees of freedom for the 
hybrids in the 1965 and 1966 date of planting studies 
Source of variation 
1965 
Degrees of freedom 
1966 
Degrees of freedom 
Replication 3 3 
Dates (D) 3 3 
Error (A) 9 9 
Hybrids (H) 3 h 
H X D 9 12 
Error (b) 36 48 
Population (P) 1 1 
P X D 3 3 
P X H 3 4 
P X D X H 9 12 
Error 48 60 
(1962) was used to determine the probability of no differences 
between dates of planting. The formula for the Chi-square test 
used is; 
-  ^ ( n - 3 )  7 ? -  -  ( ^ (Ti-3) Z)2 
è (ti-3) 
Where n = the number of determinations in each correlation, and 
Z = the transformed r values obtained from figure 7,6,1 of 
Snedecor (1956), The Chi-square test was also used to compare 
the r; values for nitrate reductase, dry matter percentage, 
refractometer reading and sugar percentage correlations. 
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EXPERIMENTAL RESULTS 
lo Date of Planting Study 
1965 date of planting study 
Two high population tolerant and two intolerant single 
cross hybrids of corn (Zea mays L.) planted on four dates at 
two populations were studied in 1965. Table 3 presents the 
averages of the thirteen plant characteristics and responses 
measured. 
The effect of the dates of planting x populations inter­
action on grain yield was significant at the 1 percent level of 
probability. Yields for dates and populations differed only 
for the last date of planting where yields were reduced pro­
portionally more at the high population than at the normal 
population. The normal (21,000) plant population averaged 79.9 
bushel per acre as a mean of all hybrids while the high (34,000) 
plant population averaged 64.4 bushel per acre. 
The range in grain yield over all populations and hybrids 
for the April 20 planting was 35 bushel varying from 135.5 to 
100.6. The range was 33.6, 21.3 and. 33.5 bushel per acre for 
May 3, May 15 and June 7 dates of planting respectively, with 
average yields of 113.0, 119.1, 111.3 and 72.2 bushels per acre 
for the four dates of planting as shown in Table 4. CIO3 x Hy 
planted April 20 and May 3 produced significantly more grain 
than the other hybrids. There were no significant differences 
in yield between the remaining hybrids summed, over all dates 
Table 3. Plant characteristics and responses of four hybrids planted at 
two populations on four dates in 1965 
Plants Plant Ear 
Planting /Acre Anthesis Silking height height Lodging 
Hybrid date 1,000's date date (inches) (inches) % 
M14 X B14 April 20 21.1 7-11 7-12 75.6 28.6 0.0 
33.5 7-11 7-14 75.2 31.4 0.7 
May 3 21.8 7-16 7-18 77.9 31.4 2.0 
34.8 7-16 7-21 75.7 32.0 0.8 
May 15 20.2 7-25 7-25 86.6 36.0 6.0 
26.4 7-26 7-26 87.0 38.1 10.3 
June 7 24.6 8-6 8-6 83.2 37.4 10.6 
37.0 8-6 8-8 82.4 38.1 11.8 
07 X Hy April 25 22.4 7-13 7-15 79.3 36.9 12.8 
31.6 7-13 7-15 80.2 38.5 55.9 
May 3 21.8 7-19 7-23 86.1 40.5 5.0 
32.4 7-20 7-26 83.3 39.8 8.9 
May 15 22.4 7-28 7-30 92.7 44.6 33.5 
28.8 7-29 8-1 92.5 47.8 73.2 
June 7 23.5 8-7 8-10 816.8 45.3 33.0 
36.2 8-6 8-13 86.3 47.0 51.5 
WF9 X April 25 18.7 7-10 7-13 84.6 30.8 2.3 
C103 28.5 7-9 7-14 85.6 32.8 2.4 
May 3 17.6 7-14 7-19 85.0 31.3 0.0 
26.1 7-14 7-20 83.4 31.7 0.0 
May 15 16.1 7-25 7-29 91.5 33.8 6.1 
20.4 7-26 7-30 93.5 36.1 5.1 
June 7 20.5 8-5 8-10 89.3 37.4 9.6 
30.9 8-6 8-14 90.1 40.5 8.3 
Hy X C103 April 20 20.5 7-12 7-15 89.5 41.0 5.2 
30.0 7-12 7-17 88.9 41.8 15.3 
May 3 21.3 7-17 7-22 95.5 44.0 15.2 
31.4 7-17 7-23 91.2 42.9 20.8 
May 15 19.8 7-28 7-30 103.2 49.2 58.5 
27.9 7-29 8-1 101.7 50.1 55.6 
June 7 22.0 8-7 8-11 93.8 47.8 31.0 
33.1 8-8 8-14 94.3 49.8 29.0 
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L.A.I, Stover Grain Grain- Bushel 
Nubbins Barren above L.A.I. yield yield stover weight 
% % ear total T/A Bu/A ratio lbs 
9.7 2.9 1.77 2.80 1.98 112.0 1.99 57.7 
10.5 3.8 2.35 3.50 2.52 105.6 1.49 57.3 
6.5 1.9 2.07 3.16 2.20 116.0 1.84 57.5 
7.7 2.5 2.52 4.00 2.68 119.2 1.57 57.3 
5.1 4.7 2.26 3.50 111.6 57.2 
0.8 7.1 2.50 3.84 112.4 58.0 
10.5 3.4 2.35 3.97 2.09 91.6 1.54 55.3 
19.2 14.4 3.08 5.15 2.54 71.4 0.98 52.9 
9.7 6.6 1.73 2.86 2.34 107.0 1.61 56.8 
6.6 2.8 1.84 3.26 2.35 100.6 1.56 55.4 
7.7 0.9 1.84 3.08 2.63 109.9 1.50 56.5 
21.5 4.4 2.42 3.93 2.72 100.6 1.32 55.4 
10.5 10.7 2.02 3.44 105.1 55.8 
6.7 6.8 2.20 3.84 113.7 55.7 
12.6 4.6 1.98 3.56 1.75 76.4 1.53 53.4 
26.6 9.5 2.50 4.58 2.32 65.0 1.00 51.2 
3.3 4.4 1.84 2.89 2.33 121.2 1.74 57.7 
11.2 3.7 2.44 3.77 2.96 112.6 1.34 58.0 
4.6 2.3 1.94 2.86 2.40 128.9 1.85 57.6 
16.4 9.6 2.51 3.79 2.61 116.2 1.65 57.6 
17.9 9.4 2.06 3.00 101.8 54.6 
12.5 14.2 2.41 3.62 113.7 56.2 
14.3 20.4 2.32 3.74 2.48 75.0 1.10 53.6 
19.5 35.0 3.14 5.16 3.10 58.1 0.70 53.8 
0.0 2.1 1.50 2.87 2.83 135.5 1.70 60.8 
5.6 8.5 2.06 3.98 3.13 109.6 1.28 59.9 
3.4 2.2 1.95 3.54 2.53 127.8 1.78 59.2 
4.0 4.7 2.33 4.31 3.01 134.2 1.58 58.4 
4.2 3.1 1.75 3.42 123.1 60.4 
7.7 12.6 2.26 4.19 109.0 58.9 
10.1 3.8 1.82 3.61 2.24 76.7 1.22 53.6 
31.7 5.6 2.49 4.89 2.84 63.2 0.78 53.3 
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Table 4. Grain yield, of four hybrids planted on four dates in 
1955 as a mean of the two populations 
Hybrids April 20 May 3 May 15 June 7 Mean 
(Bu/A) ( B u / A )  ( B u / A )  ( B u / A )  ( B u / A )  
M14 X  B14 108.8 117.6 112.0 81.5 105.0 
07 X  Hy 103.8 105.3 109.4 70.7 97.3 
Wf9 X  G103 116.9 122.5 107.8 66.6 103.4 
G103 X  Hy 122.6 131.0 116.1 70.0 109.9 
Mean 113.0 119.1 111.3 72.2 103.9 
and populations. 
Barrenness and nubbin percentages for the four hybrids 
gave essential the opposite results obtained for grain yield, 
i.e., delayed plantings resulted in increased barrenness and 
nubbin ear development. Combining barrens and nubbins gave 
values of 11.4, 12,6, 16.7 and 30.2 percent for the four dates 
of planting respectively with the last date differing signifi­
cantly from the first 3 plantings. Wf9 x G103 exhibited more 
barrenness than the other hybrids averaging 11.3, 16.4, 27.0 
and 44.6 percent as a mean of the two population on the four 
dates of planting. G103 x Hy had significantly more barrenness 
and nubbin ear production when planted June 7 than when planted 
April 20 with an average of 24.6 percent for the four plantings 
as the data in Table 3 illustrates. 
Due to the increase in barrenness at the high population 
for the June 7 planting a significant populations x dates of 
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planting interaction was observed, A general trend, for in­
creased. barrenness was noted for all hybrids and. populations as 
planting was delayed, but the high population tolerant hybrids, 
M14 X B14 and. 07 x Hy, were affected, the least by increased 
populations and delayed dates of planting. 
Stover yields were obtained for only 3 planting dates 
April 20, May 3, and. June 7 and. unlike grain yields did not 
differ with dates of planting. Hybrids, populations, and the 
hybrids x dates of planting interaction were significantly 
different at the 1 percent level of probability. The mean 
stover yields were 2.33, 2,35, 2,65 and. 2,76 tons per acre for 
M14 X B14, 07 X Hy, Wf9 x G103 and G103 x Hy, respectively. 
The significant dates of planting x hybrids interaction was due 
to the response of 07 x Hy and Wf9 x C103. The mean stover 
yields for the April 20, May 3, and June 7 planting dates were 
2,35, 2,67 and. 2,04 tons per acre for 07 x Hy and 2,64, 2,50 
and 2o79 for Wf9 x G103, Stover yields as a mean of both popu­
lations for hybrids and. dates of planting are presented in 
Table 5, 
Population effect on stover yield was highly significant 
with mean yields of 2.32 and. 2.73 tons per acre for the normal 
and high plant populations. Interactions involving populations 
were not significant. 
Dates of planting, hybrids, and populations differed at 
the one percent level of probability for grain-stover ratio and 
the interactions of dates of planting x hybrids and dates of 
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Table 5, Stover yields of four hybrids planted on three dates 
in 1965 as a mean of the two populations 
Hybrids April 20 May 3 June 7 
( T / A )  ( T / A )  ( T / A )  
M14 x B14 2.25 2.44 2.31 
07 X Hy 2.35 2.67 2.04 
Wf9 X G103 2.64 2 . 5 0  2 . 7 9  
G103 X Hy 2.98 2.77 2.54 
Mean 2.55 2.60 2.42 
planting x populations were significant at the five percent 
level. The grain-stover ratios for the April 20 and May 3 
plantings were 1.59 and 1.64 respectively, whereas the ratio 
for the June 7 planting dropped to 1.11. The ratios of grain 
to stover for M14 x B14, 07 x Hy, Wf9 x C103, and G103 x Hy 
were 1.57, 1.42, 1.40 and 1.39, respectively, as means of all 
dates and populations. 
The significant dates of planting x hybrids interaction 
was apparently due to 07 x Hy which gave a lower grain-stover 
ratio for the May 3 planting than for the April 20 planting, 
whereas the ratio for the other hybrids remained the same or 
increased as is shown by the data presented in Table 6. 
The dates of planting x populations interaction was sig­
nificant primarily due to a lack of difference between popu­
lations for the May 3 planting, whereas the April 20 and June 7 
plantings populations differed significantly in their grain-
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Table 6, Grain-stover ratio of hybrids planted on four dates 
in 1965 
Hybrid April 20 May 3 June 7 
M14 X B14 1.74 1.71 1.26 
07 X Hy 1.59 1.41 1.26 
Wf9 X C103 1.54 1.75 0.90 
C103 X Hy 1.48 1.68 1.00 
Mean 1.59 1.64 1.10 
stover ratios. The ratio for the normal plant population was 
1,76, 1,42, 1.74, while at the high plant population ratios of 
1,53, 1.35 and 0.87 were obtained for the April 20, May 3 and 
June 7 planting dates, respectively. 
Anthesis dates differed significantly for dates of planting 
and hybrids as would be expected, however of more salient inter­
est was the significant dates of planting x hybrids interaction 
as shown in Table 7. Pollen shedding occurred 9.6, 10.8, 12.2 
and 12.8 days after July 1 for the April 20 date of planting 
for Wf9 X C103, M14 x B14, C103 x Hy and 07 x Hy respectively. 
For the same hybrids planted June 7 anthesis occurred 36.4, 
36.5, 38.5 and 38.0 days after July 1 with Wf9 x G103 and C103 
X Hy exhibiting the greatest delay in anthesis. No significant 
effect of plant population on anthesis date was observed 
although a tendency for later pollen shedding was noted at the 
high population. 
Silking date varied at the one percent level of probability 
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Table 7. Anthesis date of hybrids planted on four dates in 
1965 as a mean of the two populations 
Hybrids April 20 May 3 May 15 June 7 
M14 X B14 7-11 7-16 7 - 2 5  8-5 
07 X Hy 7-13 7-19 7 - 2 9  8-7 
Wf9 X Hy 7-10 7-14 7-26 8-6 
G103 X Hy 7-12 7-17 7-28 8-7 
for dates of planting, hybrids, populations, and the dates of 
planting x hybrids interaction. The significant effect of 
planting dates was expected with fewer days after July 1 re­
quired to reach the silking stage for the April 20 planting and 
progressively more days required for each later date of 
planting as is shown in Table 8. The mean silking date for 
each date of planting was July 14, July 22, July 29, and August 
11 for the April 20, May 3, May 15, and June 7 planting dates, 
respectively. 
Silking date for the high plant population was delayed 
nearly two days, as compared to the low plant population as a 
mean of all dates of planting. The amount of variation differed 
with dates of planting with a tendency for the later dates to 
express a greater delay at the high plant population level. 
The silking dates of C103 x Hy and Wf9 x G103 were delayed 
more at the May 15 and June 7 dates of planting than was M14 x 
B14, From Table 8 it can be seen that G103 x Hy silked only 3 
days after M14 x B14 for the April 20 planting date, but silked 
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Table 8. Silking date of hybrids planted on four dates in 1965 
as a mean of the two plant population 
Hybrid April 20 May 3 May 15 June 7 
M14 X B14 7-13 7-19 7-25 8-7 
07 X Hy 7-15 7-24 7-31 8-12 
Wf9 X G103 7-14 7-19 7-30 8-12 
C103 X Hy 7-16 7-23 7-31 8-13 
6 days later for the May 15 and June 7 plantings with a similar 
response also noted, for Wf9 x C103, 
A more meaningful interpretation of anthesis and silking 
dates can be obtained by looking at the days between the average 
silking date and the average pollen shed date in 1965 as shown 
in Table 9. The high population tolerant hybrids, particularly 
M14 X B14, silked at a faster rate than the high population 
intolerant hybrids. The mean number of days between anthesis 
and silking was less than two for all dates of planting for M14 
X B14, but for G103 x Hy and Wf9 x 0103 a lapse of four days 
was noted for the April 20 planting and 5 and 6 days respective­
ly, for the June 7 planting. 07 x Hy was intermediate between 
M14 X B14 and the other hybrids with silking being delayed 5.9 
and 6.6 days at the high population for the May 3 and June 7 
plantings. 
The leaf area index (L.A.I.) for leaves from the ear leaf 
up and total L.A.I. were calculated separately as it was thought 
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Table 9. Silking date minus anthesis date of hybrids plants on 
four dates in 1965 at two populations^ 
Hybrid April 20 May 3 May 15 June . 7 Mean 
PI P2 PI P2 PI P2 PI P2 
M14 X B14 0.9 2.6 2.2 4.3 0 . 0  0,7 0.4 2,3 1,7 
07 X Hy 2.0 2,6 4.5 5.9 1.1 2.3 2 . 6  6,6 3 . 4  
Wf9 X C103 3 . 4  5,1 4.7 5.8 4.2 3 . 8  5 . 0  7,9 5,0 
G103 X Hy 2 . 9  4.3 4.7 5 . 9  1.4 3 . 0  3.8 6,5 4.1 
Mean 2.3 3.6 4.0 5,5 1.7 2.4 3,0 5,8 3,5 
^P1 = 21,000 plants per acre; P2 = 34,000 plants per acre. 
that perhaps a lower variance would, be obtained and the effect 
of environment on a constant set of leaves could, be measured. 
However, the fluctuation in the number of leaves above the ear 
resulted, in a higher coefficient of variation than for total 
leaf area, M14 x B14 averaged nearly seven leaves above the 
ear while Wf9 x 0103 and C103 x Hy averaged six and 07 x Hy 
averaged 5,5 leaves above the ear. 
The total leaf area for the April 20, May 3, May 15, and 
June 7 dates of planting were 3.24, 3,58, 3,60 and 4,33 L,A.I,'s 
respectively with the first and last dates differing signifi­
cantly from each other, C103 x Hy and M14 x B14 had the 
largest total L.A.I, averaging 3.85 and 3,74 respectively, and 
Wf9 X G103 and 07 x Hy had the smallest leaf area averaging 
3,60 and 3,57, The leaf area above the ear for the same 
hybrids averaged 2.05, 2.36, 2,31 and 2.07, M14 x B14 and Wf9 
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X G103 had the largest leaf area above the ear and differed 
significantly from the other hybrids. 
The high plant population resulted in a 0.84 greater total 
L.A.I. This increase in L.A.I, occurred even though leaf area 
per plant decreased at the high population as a result of 
smaller leaves. No change in leaf number was observed for 
populations or dates of planting. 
The dates of planting x populations interaction for total 
L.A.I, was significant primarily because of the low L.A.I, 
formed at the high population with the May 15 planting date. 
This interaction may not be of significance because the high 
population for the May 15 planting date was approximately 5,500 
plants per acre less than at the other planting dates as may be 
noted in Table 3. This difference in population was due to cut 
worm activity. 
The measurements of plant height to the base of the tassel 
had a lower coefficient of variation over all dates of planting 
and populations than did the measurements of height to the upper 
ear node, however similar plant responses were observed with 
only the level of significances being different for populations 
and the dates of planting x hybrids interaction. Ear node 
height increased from 35.2 to 36.7 to 42.0 to 42,9 inches re­
spectively for the earliest to latest date of planting. Hybrids 
differed significantly with M14 x B14 and, Wf9 x C103 having the 
lowest ear node at approximately 34 inches and 07 x Hy and G103 
X Hy the highest ear nodes at 42.6 and 45,8 inches respectively. 
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Ear height data is presented in Table 10, 
The hybrids x dates of planting interaction was significant 
due to Wf9 X G103 which exhibited a lower ear height for the 
May 3 planting while the ear height of the other hybrids in­
creased relative to their height for the April 20 planting. 
Wf9 X G103 also increased its ear height significantly from the 
May 15 to the June 7 planting dates whereas the other varieties 
exhibited no significant change. 
Planting at the high population resulted in ears being 
borne 1,5 inches higher on the plant than at 21,000 plants per 
acre. All hybrids gave a similar response except for the May 3 
planting date for which no difference in ear height was ob­
served. 
Table 10. Ear height of hybrids planted on four dates in 1965 
as a mean of the two populations 
Hybrid April 20 May 3 May 15 June 7 
(in.) (in.) (in.) (in.) 
M14 X B14 30.0 3 1 . 7  37.0 37.8 
07 X Hy 3 7 . 7  4 0 . 2  4 6 . 2  4 6 . 2  
Wf9 X G103 31.8 31.5 35.0 38.9 
0103 X Hy 41.4 43.5 49.6 48.8 
Mean 35.2 36.7 42.0 42.9 
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Average plant height to the base of the tassel increased 
from 82.3 to 84.7 inches for the April 20 and May 3 planting to 
a maxim-um of 93.5 inches for the May 15 planting and then de­
creased to 88o3 inches for the last planting date. The hybrids 
varied significantly with M14 x B14 the shortest at 80.3 inches 
and C103 x Hy the tallest at 94.8 inches. 07 x Hy and Wf9 x 
G103 were not significantly different from each other with 
heights of 85.9 and 87.6 inches, respectively. 
A significant dates of planting x hybrids interaction was 
observed due to the reduction in height of Wf9 x G103 for the 
May 3 planting, while all of the other hybrids increased, in 
height, as is shown in Table 11. 
Total plant height was not affected significantly by popu­
lations, although a significant dates of planting x populations 
interaction was observed. The high plant population was 2.7 
Table 11. Height to the base of the tassel of hybrids planted 
on four dates in 1965 as a mean of the two popu-
lations 
Hybrids April 20 May 3 May 15 June 7 
(in.) (in») (in.) (in. ) 
M14 X B14 75.4 • 76.8 86.3 82.8 
07 X Hy 79.8 84.7 92.6 86.6 
Wf9 X G103 85.1 84.2 92.5 89.7 
C103 X Hy 89.2 93.3 102.4 94.0 
Mean 82.4 84.7 93.4 88.3 
ho 
inches shorter than the Low plant population for the May 3 
planting as the data in Table 3 illustrates. All of the other 
plantings exhibited no difference in plant height due to popu­
lations. 
Significant lodging differences were observed for planting 
dates, hybrids, populations, and dates of planting x hybrids 
and hybrids x populations interactions. Lodging was influenced 
by date of planting with the May 15 planting having 31.1 percent 
lodging whereas the April 20 and May 3 plantings exhibited 11,8 
and 6,6 percent lodging. Lodging as a mean of all hybrids and 
dates of planting increased from 14,4 to 21.8 percent as plant 
population was increased from normal to high, 07 x Hy and G103 
X Hy were much more lodging sensitive than the other hybrids 
averaging 34,2 and 28,8 percent. These same hybrids also were 
responsible for the significant interactions of planting dates 
X hybrids and hybrids x populations as is shown by the data in 
Tables 3 and. 12, Lodging of 07 x Hy decreased from 34,4 per­
cent for the April 20 planting date to 7,0 percent for the May 
3 planting and then increased to 53,4 percent for the May 15 
planting before again decreasing to 42,2 percent at the last 
planting date. All of the other hybrids exhibited a general 
increase in lodging after the May 3 date of planting except for 
C103 X Hy which decreased from 57,1 percent for the May 15 
plant to 30,0 percent for the June planting. 
Lodging of M14 x B14, Wf9 x G103 and C103 x Hy was only 
slightly affected, by plant population, at the same time 07 x Hy 
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Table 12, Lodging percentage of hybrids planted on four dates 
in 1965 as a mean of the two populations 
Hybrid April 20 
% 
May 3 
% 
May 15 
% 
June 7 
% 
M14 X B14 0.4 1.4 8.2 11.2 
07 X Hy 34.4 7.0 53.4 42.2 
Wf9 X C103 2,3 0.0 5.6 8 . 9  
G103 X Hy 1 0 . 3  18.0 57.1 30.0 
Mean 11.8 6.6 31.1 2 3 . 1  
increased from 21,1 percent to 47.4 percent as the population 
was increased from normal to high. 
Table 13 presents the data for bushel weights of the 
hybrids planted on four dates as a mean of the two populations. 
The bushel weight of the shelled corn was significantly lower 
for the June 7 planting date for all hybrids with M14 x B14 the 
earliest hybrid being influenced the least and G103 x Hy 
showing the greatest reduction. The effect of population was 
not significant, however a trend toward lower bushel weights at 
the higher population was noted and, it was most pronounced for 
the June 7 planting date. 
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Table 13. Bushel weight of shelled corn of hybrids planted on 
four dates in 1955 as a mean of the two populations 
Hybrid April 20 
(lbs.) 
May 3 
(lbs.) 
May 15 
(lbs.) 
June 7 
(lbs,) 
M14 X  B14 5 7 . 5  5 7 . 4  57.6 54,1 
07 X  Hy 56.1 5 6 . 0  55.8 52,3 
Wf9 X  C103 57.8 57.6 55.4 53,1 
C103 X  Hy 60.4 5 8 . 8  5 9 . 6  53,4 
Mean 5 8 . 0  57.4 57,1 5 3 . 4  
1966 date of planting study 
The results of the 1956 date of planting are shown in 
Table 14. With a few exceptions, the 1966 results are in good 
agreement with those of 1965. 
Grain yields in 1966 followed the same general pattern of 
1965 with the highest yields occurring with the April 15 plant­
ing followed by a yield decrease at each of the subsequent 
plantings, A more marked decrease in yield with the June 7 
date of planting was noted in 1965 than in 1965, The mean 
yields for the April 15, May 3, May 20, and, June 7 planting 
dates were 126,4, 114.0, 94,3, and 64.4 bushels per acre, re­
spectively, with the first two dates not significantly 
different. Differences in hybrids were larger than in 1965 
with 595 X 334 deviating significantly from the other hybrids 
with the highest average yield of 115.2 bushels of grain per 
acre over all dates of planting and populations. 07 x Hy was 
Table 14. Plant characteristics and responses of five hybrids planted at 
two populations on four dates in 1966 
Plants Plant Ear 
Planting /Acre Anthesis Silking height height Lodging 
Hybrid date 1,000's date date (inches) (inches) % 
M14 X B14 April 14 
May 3 
May 20 
June 7 
07 X Hy April 14 
May 3 
May 20 
June 7 
695 X 334 April 14 
May 3 
May 20 
June 7 
C103 X Hy April 14 
May 3 
May 20 
June 7 
071 X 705 April 14 
May 3 
May 20 
June 7 
20.1 7-17 7-17 
39.5 7-17 7-18 
21.5 7-19 7-20 
39.2 7-20 7-22 
22.4 7-26 7-25 
35.9 7-26 7-28 
21.1 8-4 8-5 
41.1 8-6 8-13 
22.6 7-19 7-22 
35.8 7-19 7-24 
22.6 7-21 7-25 
38.5 7-22 7-27 
21.1 7-29 7-30 
31.7 7-29 8-2 
21.1 8-8 8-13 
38.6 8-9 8-16 
19.9 7-20 7-24 
38.5 7-22 7-27 
20.8 7-24 7-26 
38.8 7-25 7-28 
18.9 7-30 7-31 
35.5 7-33 8-6 
20.1 8-10 8-11 
36.9 8-12 8-15 
20.5 7-18 7-22 
38.4 7-18 7-24 
22.0 7-20 7-24 
39.2 7-21 7-26 
21.5 7-27 7-31 
35.6 7-29 8-6 
21.2 8-6 8-16 
36.5 8-8 8-17 
22.0 7-19 7-24 
32.0 7-20 7-26 
21.2 7-22 7-26 
39.2 7-22 7-29 
20.4 7-28 8-1 
36.6 7-28 8-7 
19.5 8-7 8-13 
33.5 8-8 8-15 
76.9 31.1 2.7 
78.8 33.1 5.5 
82.1 33.4 3.8 
85.1 37.4 3.8 
90.9 37.0 21.8 
91.4 39.6 31.8 
83.8 31.8 6.4 
83.1 35.0 10.3 
86.3 42.6 8.4 
88.7 42.9 28.5 
91.2 43.7 24.7 
95.2 46.2 40.3 
98.4 46.6 49.0 
99.2 48.1 53.2 
94.0 42.2 20.6 
97.1 48.8 33.1 
96.3 49.2 0.0 
101.4 52.0 1.1 
102.3 51.4 0.0 
105.7 53.3 5.3 
107.5 56.4 5.8 
106.2 54.2 14.6 
106.3 58.5 10.1 
103.5 60.0 17.0 
100.7 46.6 7.3 
102.1 48.0 37.6 
106.3 49.3 9.9 
103.8 47.3 25.4 
106.1 50.1 22.2 
101.7 51.2 9.2 
103.0 46.8 9.6 
104.7 49.7 17.5 
102.5 44.5 1.2 
104.1 45.8 2.1 
107.0 46.0 1.3 
107.8 49.6 2.4 
101.7 43.4 8.7 
107.9 45.8 4.5 
96.4 38.9 2.1 
99.6 45.3 16.7 
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L.A.I. Stover Grain Grain-
Nubbins Barren above L.A.I. yield yield stover 
7o % ear total T/A Bu/A ratio 
0.0 0.0 1.95 3.50 1.83 122.0 2.09 
2.1 6.2 2.70 4.75 2.46 103.6 1.30 
1.3 1.3 2.30 3.60 106.4 
2.8 5.6 2.99 5.64 92.6 
1.2 2.4 2.32 3.90 1.84 108.2 1.81 
3.4 13.6 3.09 5.23 2.22 92.3 1.28 
3.9 5.2 1.64 2.69 2.01 85.4 1.31 
17.2 17.6 2.97 4.58 2.52 53.8 0.70 
1.8 4.2 1.88 3.45 1.97 116.0 1.88 
1.5 8.4 2.33 4.50 2.36 110.2 1.36 
3.0 3.0 1.82 3.52 105.1 
5.3 6.7 2.56 4.88 97.8 
5.2 7.7 2.05 3.45 1.82 103.1 1.69 
9.0 16.7 2.70 4.95 2.40 89.9 1.11 
21.9 5.2 1.90 2.91 1.78 80.0 1.34 
35.9 21.1 3.05 4.88 2.71 33.5 0.41 
0.7 2.1 1.86 4.08 3.20 145.4 1.35 
2.1 5.5 2.70 6.00 4.20 120.8 0.88 
0.7 0.0 1.99 4.49 140.8 
3.2 5.3 2.83 6.75 119.8 
2.9 0.7 1.90 3.76 1.99 129.6 1.88 
5.7 8.4 2.88 5.76 2.96 105.4 1.14 
14.2 1.4 1.99 3.77 2.77 92.5 0.94 
10.2 15.5 2.74 5.42 3.62 66.5 0.53 
0.0 0.7 1.73 3.63 2.60 138.9 1.60 
1.8 7.4 2.60 5.73 2.67 120.8 1.38 
0.0 0.0 1.84 3.84 128.1 
4.2 10.1 2.93 6.23 115.2 
3.8 5.1 1.95 3.78 2.37 108.4 1.38 
14.1 24.4 2.69 5.61 4.30 62.1 0.38 
25.6 0.6 1.98 3.82 2.56 78.5 1.02 
28.0 23.1 2.90 5.24 2.98 37.8 0.53 
2.4 5.6 2.35 4.67 2.90 159.5 1.70 
6.4 13.2 2.69 5.54 4.12 125.9 0.97 
2.0 1.3 2.23 4.31 135.5 
6.6 12.5 3.20 6.43 98.2 
10.7 5.3 2.55 5.33 3.41 95.0 0.81 
17.8 29.7 3.07 5.82 3.95 48.1 0.34 
36.4 0.0 2.31 3.84 3.59 77.9 0.65 
29.3 26.4 3.60 6.06 4.22 37.8 0.36 
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the Lowest yielding with an average yield, of 92,0 bushel per 
acre but did not differ from G103 x Hy, 071 x 705 and M14 x 
B14o However, as shown in Table 15, the significant dates of 
planting x hybrids interaction was due primarily to 071 x 705 
and G103 x Hy, They were among the highest yielding hybrids at 
the first date of planting and the lowest yielding for the June 
7 planting date with yields of 142.6 and 129,8 bushel per acre 
for the April 15 planting and 57,8 and 58,2 bushel per acre for 
the June 7 planting. Both of these hybrids had previously been 
classified as intolerant to high populations. The population 
tolerant hybrids exhibited more stability in grain yield at the 
various planting dates, but they also responded with marked 
yield reductions at the June 7 planting date. 
A significant effect of population on the grain yield of 
all hybrids was noted, with the normal plant population superior 
at all dates of planting and for all hybrids. This was not 
unexpected in view of the extremely high population (34,000 
plants per acre) used at the high population. The mean yields 
for the two populations were 112,8 and 86,6 bushel per acre, 
however the significant populations x dates of planting inter­
action is of more interest. As may be seen in Table 14, the 
later planting dates resulted in much lower yields at the high 
plant population* 
The hybrids x plant populations interaction was significant 
because of essentially the same hybrids which caused, the hybrids 
X dates of planting interaction to be significant, i.e., the 
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Table 15. Grain yield of five hybrids planted on four dates in 
1966 as a mean of the two populations 
Hybrid April 15 May 3 May 20 June 7 Mean 
(Bu/A) (Bu/A) (Bu/A) (Bu/A) (Bu/A) 
C103 X  Hy 1 2 9 , 8  1 2 1 . 7  8 5 . 3  58,2 9 8 . 8  
071 X  705 142,6 116,8 71,6 57,8 9 7 . 2  
M14 X  B14 112,8 99,6 1 0 0 , 2  6 9 , 6  95,6 
07 X  Hy 113,0 101,4 96.5 5 6 . 7  9 2 . 0  
695 X  334 135,1 130,3 117,6 7 9 , 4  1 1 5 . 2  
Mean 126.4 114.0 94.3 64,4 9 9 . 8  
two population intolerant hybrids C103 x Hy and 071 x 705, 
They exhibited a much greater yield reduction at the high plant 
population than did the tolerant hybrids 695 x 334, M14 x B14, 
and 07 x Hy. The yield reductions as shown in Table 16 for the 
high population amounted to 26, 34, 19, 18, and 19 percent for 
the five hybrids with the latter three being the population 
tolerant hybrids. 
Stover yields for dates of planting did not differ with 
mean yields of 2,83, 2,72 and 2.88 tons per acre for the April 
14, May 20, and June 7 plantings, respectively. Hybrids varied 
significantly with 071 x 705 a tall, leafy hybrid producing 
3.70 tons per acre of oven dry stover and differing from all 
hybrids, 695 x 334 and C103 x Hy averaged 3,12 and 2,91 tons 
per acre respectively and produced significantly more forage 
than the two short hybrids 07 x Hy and Ml4 x B14 with mean 
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Table 16« Grain yield of five hybrids at two populations in 
1966 as a mean of four planting dates 
Population G103 X Hy 071 X 705 M14 X B14 07 X Hy 695 X 334 
(Plant/A) (Bu/A) (Bu/A) (Bu/A) (Bu/A) (Bu/A) 
21,000 113,5 117,0 105.5 101.1 127.1 
34,000 84,0 77,5 85.6 82.8 103.1 
yields of 2,17 and 2,15 tons per acre. 
A significant hybrids x dates of planting interaction was 
observed, for stover yield similar to that noted in the 1965 
test, however different hybrids were responsible for the inter­
action. The hybrids responsible for the interaction in 1966 
were C103 x Hy and. 695 x 334. For the May 20 planting the 
stover yield, of G103 x Hy increased from 2.64 tons per acre for 
the April 7 planting to 3.33 tons per acre and then decreased 
to 2,77 tons per acre. The hybrid, 695 x 334, gave essentially 
the opposite response with stover yields of 3.70, 2.48 and 3.20 
tons per acre for the April 14, May 20 and June 7 planting 
dates. The mean stover yields for hybrids by dates of planting 
are presented in Table 17. 
A significant planting date x hybrids x populations inter­
action for stover was obtained and the interaction appears to 
be due primarily to C103 x Hy, 07 x Hy and 695 x 334. As may 
be noted in Table 14, G103 x Hy yielded essentially the same at 
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Table 17, Stover yield for five hybrids planted, on three dates 
in 1966 as a mean of the two populations 
Hybrid April 14 May 20 June 7 Mean 
( T / A )  ( T / A )  ( T / A )  ( T / A )  
G103 X Hy 2.64 3.33 2,77 2,91 
071 X 705 3.51 3.68 3,90 3,70 
M14 X B14 2.14 2.03 2.26 2.15 
07 X Hy 2,17 2.11 2,25 2,17 
695 X 334 3.70 2,48 3,20 3,12 
Mean 2.83 2,72 
00 00 <N 2.81 
both populations for the April 14 and June 7 plantings, but 
differed significantly for the May 20 planting. For 07 x Hy 
the population effect became progressively greater with each 
delay in planting. The low population stover yield decreased 
for each date while the high population increased in stover 
yield for each later date. The hybrid 695 x 334, produced sig­
nificantly more stover at the high population for the April 15 
planting but not for later plantings. 
The grain-stover ratio was observed to give meaningful 
differences for dates of planting, hybrids, populations and the 
interactions; dates of planting x hybrids and dates of planting 
X hybrids x populations. 
The effect of planting dates on the grain-stover ratio was 
one of general decline with ratios of 1,45, 1,18, and 0,78 for 
the April 14, May 20, and June 7 planting dates. Hybrids varied 
at the 1 percent level of probability with the population 
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tolerant hybrids having the highest ratios, although 695 x 334 
did not differ significantly from C103 x Hy« The mean ratios 
for the five hybrids as presented in Table 18 are 1.05, 0,80, 
1.41, 1.30 and 1.12 for G103 x Hy, 071 x 705, M14 x B14, 07 x 
Hy, and 695 x 334, respectively. 
The significant interaction of planting dates x hybrids 
for grain-stover ratio is due largely to the response of 695 x 
334 and to a lesser degree 0103 x Hy and 071 x 705 as may be 
observed by examining Table 18. The hybrid, 695 x 334, in­
creased from a ratio of 1.12 for the April 14 planting to 1.51 
for the May 20 planting and then declined to 0.74 for the June 
7 planting. All of the other hybrid reacted to planting dates 
by having lower ratios for each succeeding planting date, 
although the rate of decline varied for the hybrids. 071 x 705 
and C103 x Hy showed a marked decrease from the April 14 plant­
ing to the May 20 planting with only a slight decrease coming 
with the June 7 planting. In contrast M14 x B14 and 07 x Hy 
declined only slightly from the April 14 to the May 20 planting 
and then decreased abruptly for the last planting date. 
The significant effect of population on grain-stover ratio 
is not unexpected in view of the highest grain yields being 
produced with the normal plant population and the highest stover 
yields coming from the high plant population. The mean ratio 
over all hybrids and dates of planting was 1.43 for the normal 
population and 0.84 for the high population. 
The only interaction involving populations which was of 
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Table 18, Grain-stover ratio of five hybrids planted on three 
dates in 1965 as a mean of the two populations 
Date planted 
Hybrid. April 14 May 20 June 7 Mean 
0103 X Hy 1.49 0 . 8 8  0.78 1.05 
071 X 705 1.34 0.57 0 . 5 0  0.80 
M14 X B14 1.70 1.54 1.00 1.41 
07 X Hy 1.62 1.40 0 . 8 8  1 . 3 0  
695 X 334 1.12 1.51 0 . 7 4  1.12 
Mean 1.45 
00 1—1 I—1 
0.78 1.14 
consequence was the dates of planting x hybrids x populations 
interaction which appeared to be significant because of the 
difference in the grain-stover ratio for the two populations of 
M14 X B14 and 071 x 705 for the April 7 planting, of 695 x 334 
and C103 x Hy for the May 20 planting, and 071 x 705, M14 x B14 
and G103 x Hy for the June 7 planting. All of the other plant­
ing dates X hybrids x populations comparisons were not signifi­
cantly different as is demonstrated by the data presented, in 
Table 14. 
Barrenness and. nubbins in 1966 followed the same pattern as 
observed, in 1965, The effect of date of planting was again 
highly significant with mean values of 7.2, 7.5, 18.8 and 34.7 
percent barrens and nubbins for the April 14, May 3, May 20, 
and June 7 plantings. The first two dates did not differ sig­
nificantly although the trend toward increased barrenness was 
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indicated. 
The effect of genotype was very pronounced with 695 x 334 
and M14 x B14 having 10,4 and 10,9 percent barrens and nubbins 
while G103 x Hy, 07 x Hy, and 071 x 705 exhibited 18,6, 19,6 and 
25.6 percent barrens and nubbins. The barrenness response of 
07 X Hy was higher than expected since it has previously been 
classified as a high population tolerant hybrid. Hybrids 
responded differently to increasing population thus resulting 
in the significant interaction. The mean barrenness for the 
normal plant population was 9.4 percent and 24.7 percent for the 
high plant population with all hybrids showing an increase from 
the low to high plant population. However, the rate of increase 
was much greater for 071 x 705 and C103 x Hy than for the other 
hybrids as the data in Table 19 illustrates. 
Barrenness and nubbins in the two populations were sig­
nificantly affected by date of planting. This interaction 
occurred, as a result of a greater increase in barrenness at the 
high population as the planting date was delayed. There also 
was a slight decline in barrenness for the May 3 planting at 
the normal population compared to the April 14 planting which 
was not realized at the high population. The percent barrens 
plus nubbins for the normal and high populations were 3.4 and 
10.9 for the April 14 planting, 2,5 and 12,4 for the May 3 
planting, 9.0 and 28.6 for the May 20 planting, and 22.8 and 
46.7 for the June 7 planting with populations for the latter 
two dates of planting differing significantly. 
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Table 19. Barrenness and nubbin percentage of five hybrids 
planted at two populations in 1966 as a mean of four 
planting dates 
Population 
Hybrid Normal High Change 
% % % 
0 1 0 3  X  Hy 9,0 2 8 , 3  19.3 
071 X  705 15.9 35,5 1 9 . 6  
M14 X  B14 3.8 17,1 13.3 
07 X  Hy 13.0 2 6 . 2  13.2 
695 X  334 5,5 16,3 10.8 
Mean 9 . 4  2 4 . 7  15,3 
The number of nubbins observed for the May 20 and June 7 
plantings was greater than the number of barren plants, whereas 
the number of barrens was greater than the number of nubbins 
for all hybrids for the April 15 and May 3 plantings as is 
shown in Table 14. 
Anthesis date differed for all planting dates. As bore 
out by the means presented in Table 20, the first two planting 
dates differed by less than three days. The May 20 planting 
was seven days later, although planted 17 days later, and the 
June 7 planting was 10 days later than the May 20 planting, 
M14 X B14 was significantly earlier by 2 days and 695 x 
334 was significantly later by 2 days than G103 x Hy, 071 x 205, 
and 07 x Hy for anthesis date. As may be noted in Table 14, 
increasing the plant population from the normal to the high 
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Table 20, Anthesis date of five hybrid planted on four dates 
in 1966 as a mean of the two populations 
Hybrid April 14 May 3 May 20 June 7 
G103 X Hy 7-18 7-20 7-28 8-7 
071 X 705 7-20 7-22 7-28 8-7 
M14 X B14 7-17 7-20 7-26 8-5 
07 X Hy 7-19 7-22 7-29 8-9 
695 X 334 7-21 7-24 7-31 8-11 
Means 7-19.0 
00 1—I CM 1 7-28.4 00
 
1 00
 
population resulted in only a one day delay in pollen shed for 
all hybrids except 695 x 334 which began shedding pollen two 
days later at the high population. Differences between popu­
lations were significant but the populations x hybrids inter­
action was not significant. 
Silking date was significantly influenced by planting 
dates, hybrids, and populations, and in addition the inter­
actions; dates of planting x hybrids, dates of planting x 
populations, and dates of planting x hybrids x populations also 
was significant. 
As with pollen shed date the mean silking dates for all 
plantings differed significantly. Average silking date for the 
April 14, May 3, May 20 and June 7 plantings were respectively 
July 22,~July 25, August 1, and August 13 as a mean for all 
hybrids and populations, M14 x B14 was 5-7 days earlier than 
the other hybrids which differed from each other by less than 2 
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days. The noteworthiness of the dates of planting x hybrids 
interaction can be attributed to the delay in silking for G103 
X Hy and 07 x Hy for the June 7 planting. Table 21 presents 
the hybrids x dates of planting data for silking dates and the 
days delay in silking for each hybrid and date of planting in 
1966. 
The planting dates x populations interaction which was 
significant at the 10 percent level of probability in 1965 
deviated at the 1 percent level in 1966. The trend observed in 
1965 for the later dates of planting to be delayed, more in 
silking at the high population again manifested itself but to a 
higher degree in 1966 as may be seen in Tables 21 and 22. The 
population differences for the first two dates of planting in 
1966 differed significantly from the last two dates of planting 
but not from each other. 
The planting dates x hybrids x plant populations inter­
action for silking date is a consequence of differential hybrid 
responses to populations for the May 20 and. June 7 plantings. 
Examination of the data in Table 14 will disclose that the May 
20 planting of 695 x 334, G103 x Hy, and. 071 x 705 at the high 
population silked at least six days after the low population 
for the same hybrids, Silking dates for the normal and high 
populations of M14 x B14 and 695 x 334 differed by 8 and 4 days 
respectively for the June planting while differences between 
populations for the other hybrids were not significant although 
all displayed at least a 2 day delay at the high population. 
Table 21. Silking date and days delay in silking of five hybrids planted on four 
dates in 1966 as a mean of the two populations 
Date planted 
Hybrid April 14 May 3 May 2 0  June 7 
Silking Days Silking Days Silking Days Silking Days Mean 
date delay date delay date delay date delay delay 
G103 X Hy 7-23 ( 4 . 3 )  7-25 ( 4 . 5 )  8-3 ( 6 . 1 )  8-16 ( 9 . 2 )  ( 6 . 0 )  
071 X 705 7-25 ( 5 . 3 )  7-27 (5.3) 8-4 ( 6 . 9 )  8-14 ( 7 . 0 )  ( 6 . 1 )  
M14 X B14 7-18 ( 0 . 4 )  7-21 ( 0 . 9 )  7-26 ( 0 . 5 )  8 - 9  ( 4 . 0 )  ( 1 . 4 )  
07 X Hy 7-23 ( 3 . 7 )  7-26 ( 3 . 4 )  8-1 ( 3 . 2 )  8-14 ( 4 . 0 )  ( 4 . 1 )  
695 X 3 3 4  7-25 ( 4 . 2 )  7-27 ( 3 . 0 )  8-3 ( 2 . 7 )  8-13 ( 2 . 2 )  ( 3 . 0 )  
Mean 7 - 2 2  (3.6) 7-25 ( 3 . 4 )  8-1 ( 3 . 9 )  8-13 ( 6 . 2 )  
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Table 22. Mean silking dates of hybrids planted on four dates 
and at two populations in 1965 and 1956 
Planting date 
Year Population 1st 2nd 3rd 4th 
1965 21,000 
32,000 
difference 
7-13.6 
7-15.1 
1.5 
7-20.5 
7-22.4 
1,9 
7-28,4 
7-29,9 
1.5 
8-9,4 
8-12.1 
2,7 
1966 21,000 
34,000 
difference 
7-21.4 
7-23.7 
2.3 
7-24.0 
7-26,5 
2.5 
7-30,1 
8-3,4 
4.3 
8-11,6 
8-15.3 
3,7 
Leaf area above the ear and total leaf area per plant in 
1966 for the four dates of planting did not differ significantly 
although the total leaf area approached significance at the 10 
percent level of probability. Hybrids and populations did 
deviate significantly as may be observed from the data presented 
in Table 23 with the mean leaf area above the ear for the four 
planting dates averaging 2.30, 2.47, 2,48 and. 2,54, This trend, 
of higher leaf area above the ear with the later plantings was 
significant in 1965, 
071 X 705 with a mean leaf area above the ear of 2.75 
differed, significantly from all hybrids. M14 x B14 with an 
L.A.I, of 2,45 above the ear differed, from 07 x Hy which pro­
duced an L.A.I, of 2.28 but not from the other hybrids, 695 x 
334 and C103 x Hy were comparable with mean leaf areas above 
the ear of 2,39 and 2,34, Some differential variations in leaf 
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area with different planting dates were observed for hybrids, 
but the differences were significant only at the 10% level. As 
is shown by the data in Table 23, M14 x B14 planted May 20 and 
595 X 334 planted June 7 account for the interaction observed. 
The high plant population produced approximately 2.90 leaf 
area indices above the ear as a mean for all dates and hybrids 
while the normal plant population produced 1,99 L.A.I,'s. All 
hybrids exhibited essentially the same magnitude of change in 
leaf area, 0.70 to ,90, as the effect of increasing the plant 
population per acre. 
Total leaf area per plant unlike leaf area above the ear 
did not show a continuous increase in leaf area with each 
succeeding date of planting as it did in 1965, However, the 
mean leaf area indices of 4,57, 4.98, 4.59 and 4.40 for the 
four successive plantings in 1966 were dissimilar only at the 
25 percent level of probability. The rank of the hybrids ac­
cording to total leaf area index differed from the order 
obtained for the leaf area index above the ear. As shown by 
the data in Table 24, 071 x 705 produced the largest leaf area 
of 5,09 followed very closely by 695 x 334 which produced 5.05 
L.A.I.'s. C103 X Hy, M14 x B14 and 07 x Hy in turn developed 
4,78, 4.20 and 4.06 leaf area indices. The change in rank of 
the hybrids for the two leaf area measurements was due to the 
number of leaves above the ear. It should also be noted that 
senescences of lower leaves occurred earlier stage and at a 
faster rate for the later plantings. 
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Table 23. Leaf area above the ear of five hybrids planted on 
four dates in 1966 as a mean of the two populations 
Date planted 
Hybrid April 14 May 3 May 20 June 7 Mean 
G103 X Hy 2,20 2.37 2.31 2.49 2.34 
071 X 705 2.56 2.73 2.86 2.87 2.75 
M14 X B14 2.31 2.50 2.73 2.27 2.45 
07 X Hy 2.12 2.30 2.27 2.43 2.30 
695 X 334 2.32 2.47 2.22 2.56 2.39 
Mean 2.30 2.47 2.48 2.52 2.44 
Table 24. Total leaf area indices for five hybrids planted on 
four dates in 1966 as a mean of two populations 
Date planted 
Hybrid. April 14 May 3 May 20 June 7 Mean 
C103 X Hy 4.76 4.99 4.63 4.74 4.78 
071 X 705 5.00 5.39 5.08 4.85 5.08 
M14 X B14 4.12 4.57 4.55 3.59 4.21 
07 X Hy 3.96 4.33 4.05 3.91 4.06 
695 X 334 5.02 5o 64 4.64 4.88 5.05 
Mean 4.57 4.98 4.59 4.40 4.64 
Ear height in 1966 averaged 45.6 inches to the upper ear 
bearing node over all dates of planting and hybrids. Ear 
height deviated significantly for dates of planting with the 
April 14 planting being 3,2 inches shorter than the 47.2 inches 
recorded for the mean of hybrids planted May 20» The May 3 and 
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June 7 plantings gave corresponding ear heights of 45.8 and 
45.7 inches and were not significantly different from the other 
two planting dates. 
Ear height of the hybrids exhibited large difference as is 
shown in Table 25, M14 x B14 had consistently the lowest ears 
averaging 34.8 inches to the upper ear node and 695 x 334 had 
characteristically the highest ear nodes averaging 54.4 inches. 
The hybrids 695 x 334 and 071 x 705 gave differential responses 
to dates of planting. 071 x 705 reached its maximum height of 
48.1 inches with the May 3 planting and then decreased to 42.1 
inches for the last planting, 695 x 334 responded differently 
reaching a peak height of 59.2 inches with June 9 planting, 
G103 X Hy, 07 x Hy and M14 x B14 reached their maximum height 
with the May 20 planting and then declined slightly for the 
June 7 planting. 
The high planting rate had the effect of increasing ear 
height by 2,1 inches over the normal plant population as a mean 
of all dates of planting. However, not all hybrids respond 
with increased ear heights for all planting dates as the popu­
lation was increased as may be discerned from Table 14, A 
tendency for the high population to have higher ear nodes than 
the normal population for the later dates of planting was 
noted. The ear nodes for the high population for the June 7 
plantings were 4.1 inches taller than the normal population 
whereas a difference of less than 2 inches was noted for the 
other dates. 
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Table 25, Upper ear node height of five hybrids planted on 
four dates in 1966 as a mean of two populations 
Date planted 
Hybrid April 14 May 3 May 20 June 7 Mean 
(in, ) (in, ) (in, ) (in, ) (in.) 
C103 X Hy 47,3 48,3 50.7 48,2 48.6 
071 X 705 45,2 48.1 44,6 42,1 45.0 
M14 X B14 32.1 35.4 38,3 33.4 34.8 
07 X Hy 42,7 45.0 47,4 45,5 45.1 
695 X 334 50,6 52.4 55,3 59.2 54.4 
Mean 43,6 45,8 47,2 45.7 45,6 
Height to the base of the tassel paralleled ear node 
height with respect to dates and populations, A maximum height 
for dates of planting was recorded for the May 20 planting and 
it varied significantly from the other plantings. The April 15 
planting with a height of 93,7 inches was 3,8 and 3,6 inches 
shorter than the May 3 and June 7 plants. Table 26 presents 
the mean height for the hybrids at each of the four planting 
dates, M14 x B14 with a height of 84,0 inches was 10 inches 
shorter than 07 x Hy which in turn was 10 inches shorter than 
the other hybrids in the study. 
The significant dates of planting x hybrids interaction 
for plant height was essentially due to 071 x 705, It reached 
a peak height of 107,4 inches with the May 3 planting and then 
decreased in height for the May 20 and June 7 plantings. The 
98.0 inches for the June 7 planting was less than that recorded 
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Table 26, Mean height to base of the tassel of hybrids planted 
on four dates in 1966 as a mean of the two populations 
Date planted 
Hybrid April 14 May 3 May 20 June 7 Mean 
Cinches) (inches) (inches) (inches) (inches) 
C103 X Hy 101. 4 105. 0 106. 1 103. 8 104. 1 
071 X 705 103. 3 107. 4 104. ,8 98.  ,0 103,  .4 
M14 X B14 77, .8 83.  ,6 91. 2 83. 4 84. 0 
07 X Hy 87. 5 93. 2 98.  ,8 95. 5 93. 8 
695 X 334 98.  ,9 104. 0 106. ,8 104. ,9 103.  6 
Mean 93.  8 98.  ,6 101. ,5 97. ,1 97. ,8 
for the April 14 planting. The other hybrids reached their 
maximum height with the May 20 planting and. then decreased, for 
the June 7 planting to approximately the same height obtained 
with the May 3 planting. The differential increase in height 
from the first planting to the third, planting shown by M14 x 
B14 and 07 x Hy as compared to the other hybrids as may be noted 
in Table 26 contributed to the significant interaction. 
Increasing the plant population from normal to high re­
sulted in less than 2 inches increase in plant height. As may 
be extracted from Table 14, 695 x 334 was shorter at the high 
plant population than at the low plant population for the May 
20 and June 7 plantings, but the April 14 and May 3 plantings 
were significantly taller, thus contributing to the significant 
date of planting x population interaction. 
The hybrids x populations interaction just lacked signifi­
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cance at the 5 percent level of probability with 071 x 705 and 
07 X Hy exhibiting the greatest change in plant height with 
mean differences of 2,9 and 2,3 inches, respectively. The 
remaining hybrids exhibited differences of 1.1 inch or less be­
tween the high and low populations. 
Lodging in 1966 averaged. 15,4% for all dates of planting, 
hybrids and populations. The differences were large as also 
were the coefficients of variation, thus the dates of planting 
differed only at the 10% level. There was a trend for in­
creased lodging from the first to third date of planting varying 
from 11,0% for the April 14 planting to 22,2% for the May 20 
planting as is shown by the means in Table 27, Hybrids exhibited 
considerable variation in lodging resistance or resistance to 
stalk rot, which was the primary cause of lodging, 07 x Hy was 
very susceptible to the stalk rot and. lodged badly at all 
planting dates, confirming the 1965 observation, G103 x Hy 
averaged 18,9% lodging and. differed significantly from the 12% 
or less lodging noted for the other hybrids. A significant 
dates of planting x hybrids interaction occurred as a result of 
a decline from 27.0 to 14,1% lodging for C103 x Hy from the 
April 14 planting to the May 20 planting while the other 
hybrids displayed a general increase in lodging over the same 
dates, 071 x 705 and 695 x 334 increased in lodging with each 
successive planting whereas the other hybrids declined slightly 
for the June 7 planting. Some of the lodging observed for 
these hybrids was attributed to corn bore damage which was 
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Table 27, Percent lodging of hybrids planted on four dates in 
1966 as a mean of the two populations 
Date planted 
Hybrid April 14 May 3 May 20 June 7 Mean 
(%) (%) (%) (%) (%) 
C103 X Hy 27.0  19.8  14.1 14.6 18.9 
071 X 705 1.8 2.0 6.0  11.3 5.3 
M14 X B14 4,6 3.8  28.0  9.0 11.4 
07 X Hy 20.8  34.5 51.6 28.7  33.9 
695 X 334 0.7  3.4 11.5 14.6 7.6 
Mean 11.0 12.7 22.2  15.6 15,4 
somewhat greater for the later plantings due to second brood 
borers, 
The high plant population resulted in lodging increasing 
from a mean of 10.8% at the normal population to 17,5%. The 
significant hybrids x populations effect observed for lodging 
was apparently due to 071 x 705 which increased from 3,3% to 
6.3% and Ml4 x B14 which changed from 9,0 to 12,4% lodging as 
the population was increased from the normal to high. The 
magnitude of change in lodging from the normal to high popu­
lation was 20% for G103 x Hy and 13% for 07 x Hy, 
From the lodging data presented in Table 14 one can 
ascertain the reasons for the significant dates of planting x 
hybrids x populations interaction, M14 x B14 and 07 x Hy 
reached their peak lodging percentage with the May 20 planting 
at the high population. On the same date Hy x C103 was observed. 
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to have 22% lodging at the normal plant population and only 9% 
lodging at the high population. 071 x 705 likewise had more 
lodging at the normal population than at the high population 
for the May 20 planting, however the difference was not sig­
nificant. The June 7 planting of 071 x 705 gave a 14,6% in­
crease in lodging at the high population going from 2.1% at the 
normal population to 16.7%. 
2. Refractometer Study - 1965 
Refractometer readings were found to be of little value for 
estimating the sucrose or soluble sugar of a corn plant without 
having dry matter information. Each entry in Tables 28 and 29 
represents the mean of 80 refractometer readings except for the 
May 3 planting date on which 40 measurements were made. Com­
parisons should not be made across dates of planting because 
the plants were not at the same stage of development when 
sampled and to a lesser degree this limitation applies to 
hybrids within a date of planting. 
Comparing the two refractometer readings in Table 28 taken 
one week apart for the June 7 planted hybrids illustrates the 
effect of plant maturity and stage of development upon refrac­
tometer readingso In a span of one week as the plants went 
from the pre-anthesis to the silking stage the refractometer 
values increase by approximately 3 units. Hybrids within a 
date of planting differed with Wf9 x C103 having a higher 
refractometer reading than the other hybrids. 
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Table 28. Mean of 80 refractometer readings for each hybrid 
planted on four dates in 1965 
Hybrid Population April 20 May 3 May 15 June 7 June 7 
M14 X B14 21,000 
34,000 
4,7% 
4.7 
6.0% 
5.3 
7.0^ 
7,1 
6,6^ 
6,6 
9,5 
9.5 
07 X Hy 21,000 
34,000 
4.6 
4.4 
5.5 
5.3 
7,2 
6,7 
6,4 
6,4 
9,2 
9.1 
Wf9 X 0103 21,000 
34,000 
5.2 
5.1 
6.6 
6.2 
9.2 
8 . 8  
7.2 
6.6 
10.6 
10.2 
G103 X  Hy 21,000 
34,000 
5.3 
5.1 
6.0 
6.0 
7,3 
6,9 
6 , 6  
6.6 
9,2 
9.0 
^Refractometer reading taken July 3-5; mean of 80 readings, 
%Refractometer reading taken July 13-14; mean of 40 
readings, 
^Refractometer readings taken July 28-30; mean of 80 
readings. 
"^•Refractometer readings taken August 3-5; mean of 80 
readings, 
^Refractometer readings taken August 10-11 ; mean of 80 
readings. Readings are from the same plants sampled August 10-
11. 
Table 29 presents the refractometer readings of plants 
grown at the high population as a percent of the plants grown 
at the normal population are presented. Although no signifi­
cant difference between populations were obtained, the trend 
for the less tolerant hybrids to have lower refractometer 
readings at the higher plant population was observed. 
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Table 29. Refractometer readings of the 34,000 plant popu­
lation as a percentage of the 21,000 plant popu­
lation for hybrids planted on four dates in 1965 
Hybrid April 20 May 3 May 15 June 7 June 7 
m (%) ST ~(%) 1%) 
M14 X B14 100.9  88.4  100.4 101.2 100.1 
07 X Hy 97.2  96.9 92.8 99.5  98.5 
Wf9 X G103 98.8  93.7  95.9  92.0 95.7 
C103 X Hy 96.2  101.3 94.3  99.2  98.1 
Correlations coefficients of anthesis date, silking date, 
days delay in silking, leaf area above the ear, total plant 
leaf area and refractometer readings for the four dates of 
planting made in 1965 for M14 x B14 are presented in Table 30. 
A significant effect of date of planting was found for the 
correlations of anthesis date vs silking date, anthesis date vs 
leaf area above the ear, silking date vs days delay in silking, 
silking date vs leaf area above ear, silking date vs total leaf 
area and silking date minus anthesis date vs refractometer 
reading. Silking for the June 7 planting was not significantly 
correlated with anthesis date. This lack of correlation is due 
primarily to plants in one replication which displayed a marked 
delay in silking, however all replications for the June planting 
were slower silking than the earlier plantings. Anthesis date 
for the May 3 planting was positively correlated with leaf area 
above the ear, whereas at the other planting dates the leaf 
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Table 30. Correlation coefficients for anthesis date, silking date, silking 
date minus anthesis date, leaf area above ear, total leaf area 
and refractometer readings for M14 x Bl4 planted on four dates 
in 1965 
Planting Silking Silking minus Leaf area Leaf area Refractometer 
date date anthesis date above ear total reading 
Anthesis date vs; 
April 20 .704** .163 -.478** -.429** -.320* 
May 3 .790** .376 .230 .168 -.650** 
May 15 .783** -.250 -.389* -.057 -.417* 
June 7 .309 -.146 -.522** -.335* -,n7A 
Mean ,664** -.017 -.385** -.223* -.334** 
Probability of 
no difference .^01 
o
 
I—1 
.05 
o
 
1—1 
.20 
Silking date vs: 
April 20 .816** -.563** -.565** -.507** 
May 3 .866** .138 .209 -.552** 
May 15 .398** -.569** -.332 -.205 
June 7 .896** -.149 -.376* -.053 
Mean .781** -.374** -.354** -.309** 
Probability of 
no difference <.01 <.01 <.01 .10 
Silking minus anthesis vs : 
April 20 -.394* -.438** -.462** 
May 3 .020 .178 -.302 
May 15 -.239 -.416* .290 
June 7 .089 -.234 -.019 
Mean -.168 -.302** -.120 
Probability of no difference .20 .20 .01 
Leaf area above ear vs: 
April 20 .757** .393** 
May 3 .813** -.072 
May 15 .625** .317 
June 7 .682** .401* 
Mean .708** .317** 
Probability of no difference .70 .50 
Total leaf area vs: 
April 20 .236 
May 3 -.064 
May 15 .057 
June 7 .253 
Mean .151 
Probability of no difference .70 
* 
Significant at the .05 level for this and all following tables. 
** 
Significant at the .01 level for this and all following tables. 
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area was negatively correlated with the anthesis date. Total 
leaf area gave a lower correlation with anthesis date than the 
leaf area above the ear but the algebraic sign of the coef­
ficients remained the same. 
The correlation of silking date and. delay in silking was 
highly significant for all dates of planting, but the coef­
ficient for the May 15 planting was much lower than the other 
planting dates. This is apparently due to the lower population 
obtained as a result of cut worm activity. 
Silking date and leaf area above the ear had a positive 
correlation coefficient for the May 3 planting, however the 
other dates had negative coefficients. A similar response to 
date of planting was observed, for the correlation of silking 
date and total leaf area plant. The relationship of days delay 
in silking and refractometer reading was variable with the 
correlation changing from -.444 on the April 20 planting to 
.290 for the May 15 planting. The correlations for leaf area 
above the ear and total leaf area were significant for all 
dates with a mean r of 0.708. 
Correlation coefficients of 07 x Hy for the various 
characters of pollen shed date, silking date, leaf area, and. 
refractometer readings were similar to M14 x B14 for the 
various dates of planting and are presented, in Table 31. An­
thesis date and silking date gave significant positive corre­
lations of .726, .640, ,885 and .566 for the April 20, May 3, 
May 15 and June 7 dates of planting, however these correlations 
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Table 31, Correlation coefficients for anthesis date, silking date, silking 
date minus anthesis date, leaf area above ear, total leaf area 
and refractometer readings for 07 x Hy planted on four dates 
in 1965 
Planting 
date 
Silking Silking minus Leaf area Leaf area Refractometer 
date anthesis date above ear total reading 
Anthesis date vs; 
April 20 .726** 
May 3 .640** 
May 15 .855** 
June 7 ,566** 
Mean . 724** 
probability of 
no difference .05 
,334* 
. 222  
.179 
.188 
.224* 
.90 
.891** 
.892** 
.3 58* 
.916** 
.822** 
silking date vs; 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference •<.•01 
silking date minus anthesis 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
Leaf area above ear vs; 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
Total leaf area vs; 
April 20 
May 3 
May l5 
June 7 
Mean 
probability of 
no difference 
- .088 
.286 
-.335* 
-.265 
-.164 
.20 
- .118 
.309 
-.3 74* 
-.412** 
.05 
date VS: 
-.103 
.224 
-.106 
-.362* 
-.13 9 
.30 
-.224 
..254 
..223 
..136 
-.203 
.98 
. .202 
..135 
..328* 
..473** 
.2 78** -.316** 
.30 
-.128 
- . 021  
- .222 
-.498** 
-.256** 
.30 
.857** 
.512** 
.755** 
.742** 
.769** 
. 20  
-.541** 
-.091 
-.107 
-.448** 
-.342** 
.10 
-.417** 
- .110 
-.189 
-.326* 
-.277** 
.70 
-,214 
- ,086  
-.165 
-.171 
-.170 
.99 
- .001 
.200 
.565** 
.333* 
.303** 
.05 
.190 
.169 
.552** 
.190 
.304** 
.20 
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were not homogeneous as the greater delay in silking for the 
June 7 planting resulted in a lower correlation between anthesis 
date and silking date. 
Correlations involving silking date which were influenced 
by planting dates were days delay in silking and leaf area 
above the ear. The May 15 planting date gave a significant, 
but low, correlation for silking date and days delay in silking, 
whereas all of the other dates had very high values. Silking 
date and leaf area above the ear was negatively correlated for 
all dates except the May 3 planting, but only the May 15 and 
June 7 plantings gave significant correlations of -.374 and 
-.412. 
One major point of difference between M14 x B14 and 07 x 
Hy was the effect of planting date on the correlations obtained 
for leaf area above the ear versus refractometer readings. The 
May 15 and June 7 dates of planting were significantly corre­
lated while the May 3 planting date had a low positive coef­
ficient and the April 20 planting gave no correlation at all, 
Wf9 X CIO3 responded somewhat differently than M14 x B14 
and 07 x Hy as is shown by the correlation coefficients pre­
sented in Table 32. The correlation of anthesis date and silk­
ing date was positive at all dates of planting as with the other 
hybrids, but the coefficient for the May 3 planting was a non­
significant 0.424. The correlation coefficient for the June 7 
planting was lower, but it was significant due to a larger 
number of observations for the latter date. 
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Table 32. Correlation coefficients for anthesis date, silking date, 
silking date minus anthesis date, leaf area above ear, total 
leaf area and refractometer readings for WF9 x C103 planted 
on four dates in 1965, 
Planting Silking Silking minus L.A.I. L.A.I. Refractometer 
date date anthesis date above total reading 
ear 
Anthesis date vs : 
April 20 .684** . 265 -.460** -.273 -.581** 
May 3 .424 -.169 -.378 -.374 -.739** 
May 15 .794** -.061 -.313 -.238 -.725** 
June 7 .446** .080 -.376* -.253 -.225 
Mean .637** .123 -.383** -.271** -.571** 
probability of 
no difference .05 .10 .95 .98 .02 
Silking date vs: 
April 20 .824** -.397* -.420** -.497** 
May 3 .821** -.198 -.243 -.261 
May 15 .559** -.244 -.295 -.632** 
June 7 .928** -.306 -.303 -.356** 
Mean .817** -.302** -.328** -.473** 
probability of 
no difference <.01 .90 .90 .30 
Silking date minus anthesis date vs: 
April 20 -.195 -.350* -.253 
May 3 .023 -.029 .182 
May 15 .027 -.159 -.048 
June 7 -.184 -.231 -.303 
Mean .008 -.219* -.153 
probability of 
no difference .50 .50 .50 
Leaf area above ear vs: 
April 20 .698** .419** 
May 3 .862** .332 
May 15 .774** .308 
June 7 .739** .286 
Mean .769** .338** 
probability of 
no difference .50 .95 
Total leaf area vs : 
April 20 .221 
May 3 .333 
May 15 .193 
June 7 .319 
Mean .258** 
probability of 
no difference .95 
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Silking date vs. days delay in silking gave a low corre­
lation of o559 for the May 15 date of planting similar to the 
coefficient obtained for the other hybrids, 
Anthesis date and refractometer readings gave large nega­
tive correlation for the first three planting dates but a low 
correlation for the June 7 planting with mean r value of -o571o 
Correlations for silking date and refractometer readings gave a 
mean correlation over all dates of planting of -.473. The 
effect of dates of planting was somewhat variable with the May 
3 planting giving a lower correlation than the other planting 
dates. 
The effect of planting date on the correlation coefficients 
obtained for G103 x Hy varied for anthesis date versus silking 
date, anthesis date versus total leaf area, and for silking 
date versus days delay in silking as may be seen from data pre­
sented in Table 33. The correlation of anthesis date and 
silking date was low (r = ,404) for the May 3 planting and high 
(r = o864) for the May 15 planting, with the April 20 and June 
7 plantings having a common correlation of 0.525, 
Dates of planting gave low correlations for anthesis date 
versus total leaf area per plant for the first two planting 
dates and significant negative correlations for the last two 
planting dates, resulting in a significant date of planting 
effect with a mean r value of -.434. Silking date and days 
delay in silking correlations for G103 x Hy differed for the 
various plantings, being low for the May 15 planting as it was 
73 
Table 33. Correlation coefficients for anthesis date, silking date, 
silking date minus anthesis date, leaf area above ear, total 
leaf area and refractometer readings for C103 x Hy planted 
on four dates in 1965 
Planting Silking Silking minus L.A.I. L.A.I. Refractometer 
date date anthesis date above total reading 
ear 
Anthesis date vs: 
April 20 .525** 
May 3 .404 
May 15 .864** 
June 7 .525** 
Mean .648** 
probability of 
no difference^ .01 
Silking date vs: 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
.113 
-.192 
.058 
.157 
.069 
.50 
.905** 
.820** 
.551** 
.923** 
.843** 
<.01 
-.471** 
-.080 
-.538 
-.512** 
-.459** 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
Silking date minus anthesis date vs; 
-.458** 
-.093 
-.223 
-.098 
.30 
Leaf area above ear vs: 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
Total leaf area vs: 
April 20 
May 3 
May 15 
June 7 
Mean 
probability of 
no difference 
.296 
.028 
.376** 
.707** 
.434** 
.30 
-.594** 
-.133 
-.558** 
-.284 
-.449** -.453** 
.20  
.02 
.451** 
.210 
.512** 
..491** 
.50 
.379* 
.243 
.402** 
.205 
-.244** -.320** 
.50 
.700** 
.789** 
.766** 
.754** 
.738** 
.95 
-.644** 
-.634** 
-.549** 
-.365* 
-.543** 
.30 
-,504** 
- . 1 1 2  
-.536** 
-.581** 
-.483** 
. 20  
-.267 
.276 
-.161 
-.509** 
-.245** 
.10 
.468** 
.019 
.405** 
.378** 
.370** 
.50 
.389* 
.125 
.269 
.411** 
.300** 
.30 
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for ML4 X BL4 and 07 x Hy» As indicated previously this effect 
of date of planting may be due to the somewhat lower plant 
population obtained for the May 15 planting» 
The date of planting influenced the various attributes of 
the hybrids as is indicated by the fact that 10 to 14 of the 15 
possible correlations for each of the four hybrids had proba­
bilities of g 50 or less when tested by the null hypothesis for 
differences between dates of planting. 
In Table 34a are presented the mean correlation coefficients 
for hybrids over all dates of planting for anthesis date, silk­
ing date, days delay in silking, leaf area and refractometer 
reading. The only correlations for which the hybrids appeared 
to differ were anthesis date versus refractometer reading, and 
anthesis date versus leaf area above the ear, M14 x B14 and 
07 X Hy had significantly lower correlation coefficients (r^ = 
-.334 and -,342) for the pollen shed date versus refractometer 
reading than did Wf9 x G103 and C103 x Hy (^ = -.571 and -o543), 
07 X Hy gave a nonsignificant correlation for anthesis date 
versus leaf area above the ear. The correlation of anthesis 
date and leaf area above the ear for 07 x Hy differed signifi­
cantly from M14 x B14, Wf9 x G103 and C103 x Hy with coef­
ficients of -.164, -.385, -.383 and -.459 respectively. 
Large positive correlations were obtained for all hybrids 
for anthesis date and silking date, implying that about 45% of 
variation in silking date was due to the date of pollen shed. 
The date of silking accounted for an average of 64% of the 
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Table 34a, Correlation coefficients for anthesis date, silking date, 
silking date minus anthesis date, leaf area above ear, total 
leaf area and refractometer readings for hybrids grown in 1965 
Hybrid Silking Silking minus Leaf area Leaf area Refractometer 
date anthesis date above ear total reading 
Anthesis date vs: 
M14 X BI4 .664** -.017 -.385** -.223* -.334** 
07 X Hy .724** .224 -.164 -.203* -.342** 
WF9 X C1Û3 .637** .123 -.383** -.271** -.571** 
C103 X Hy .648** .069 -.459** -.434** -.543** 
Mean .669** .100 -.352** -.288** -.454** 
Probability of 
no difference .70 .30 .10 .20 .05 
Silking date vs: 
M14 X B14 .781** -.374** -.354** -.309** 
07 X Hy .822** -.228** -.316** -.277** 
WF9 X C103 .817** -.302** -.328** -.473** 
C103 X Hy .843** - «449** -.453** -.483** 
Mean .804** -.341** -.364** -.399** 
Probability of 
no difference .80 .30 .70 .70 
Silking minus anthesis date vs : 
M14 X B14 -.168 -.302** -.120 
07 X Hy -.139 -.256** -.170 
WF9 X C103 .008 -.219* -.153 
C103 X Hy -.244** -.320** -.245** 
Mean -.138** -.273** -.173** 
Probability of no difference .30 .90 .80 
Leaf area above -ear vs: 
M14 X B14 .708** .317** 
07 X Hy .769** .303** 
WF9 X C103 .769** .338 
C103 X Hy .738** .370** 
Mean .744** .334** 
Probability of no difference .70 .95 
Total leaf area • vs : 
M14 X B14 .151 
07 X Hy .304** 
WF9 X C103 .258** 
C103 X Hy .300** 
Mean .254** 
Probability of no difference .70 
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Table 34b» Nitrate reductase activity of three hybrids as 
influenced by detasseling, male sterility and date 
of planting 
Male 
Hybrid Fertile Detasseled sterile Mean 
(micro- (micro- (micro- (micro-
moles) moles ) moles) moles) 
Planted April 21 
Oh43 X B37 .329 .377 .406 .371 
Wf9 X G103 .247 .265 .285 .265 
G103 X Hy .360 .414 — « — .387 
Mean .312 .352 .345 .341 
Planted June 16 
Oh43 X B37 .239 .252 .211 .234 
Wf9 X G103 .209 .173 .192 .191 
G103 X Hy .277 .255 — .266 
Mean .242 .227 .202 .230 
delay in silking observed. But hybrids responded differently 
with 60% (r = -.781) of the delay in silking due to date of 
silking in M14 X B14, while 71% (_r = -o  843) of the variation in 
days delay in silking of C103 x Hy was due to the date of silk-
ing» 
Leaf area above the ear and total leaf area were highly 
correlated with a mean r of ,744 for all hybrids. One would 
expect perhaps a higher correlation but because of variation in 
the number of nodes from the top of the plant to the upper ear 
bearing node, the leaf area above the ear was not a good, esti­
mate of the total leaf area per plant. It should also be noted 
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that senescence of leaves occurs from the bottom of the plant 
up. 
Leaf area above the ear and total leaf area were both 
positively correlated with refractometer reading, r = .334 and 
.254 respectively, thus indicating that the larger the leaf 
area per plant the higher the refractometer reading. The 
correlations were significant, however they were so low that 
their practical value is questionable. 
The two population tolerant hybrids, M14 x B14 and 07 x 
Hy, had significantly lower correlations (-.334 and -.342) than 
did the population intolerant hybrids, Wf9 x C103 and G103 x 
Hy, (-.571 and -*543) for anthesis date versus refractometer 
reading. 
The correlation of anthesis date and days delay in silking 
was not significant for any of the hybrids. It was the only 
comparison for which the mean of all hybrids was not signifi­
cant. All of the other correlations although significant for 
most comparisons were negative and small, i.e. less than ,500 
with no differences between hybrids. 
3, Nitrate Reductase Study - 1966 
In 1966 nitrate reductase activity was determined over two 
dates of planting for the single crosses Oh43 x B37, Wf9 x C103 
and C103 x Hy. The normal male fertile of each, the detasseled 
male fertile of each hybrid and the male sterile of the first 
two hybrids were used in the study. 
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The combined analysis for the two dates of planting did 
not give a significant variance ratio for dates of planting, 
although the mean nitrate reductase activity for the April 21 
planting was <,341 micromoles of KNO^ reduced, in 15 minutes and. 
.230 micromoles for the June 16 planting. The lack of signifi­
cance by the F test is primarily due to the very high coef­
ficient of variation observed for the samples over dates of 
planting and. low number of degrees of freedom. Using paired 
comparisons the differences for dates are significant at the 
1 percent level of probability. 
The hybrids differed significantly with Oh43 x B37 and 
0103 X Hy having greater nitrate reductase activity than Wf9 x 
G103 for both planting dates. The mean nitrate reductase 
activity was ,302, .326 and .228 micromoles respectively for 
the three genotypes for the two plantings. 
The effect of detasseling and. male sterility deviated with 
date of planting as shown in Table 34b, With the April 21 date 
of planting the detasseled and. male fertile plants averaged 
0.342 and 0,345 micromoles of KNO3 reduced, while the normal 
male fertile plants averaged. 0.312 micromoles of activity. The 
male sterile of 0h43 x B37 differed significantly from the 
normal fertile but not from the detasseled, Detasseling C103 x 
Hy caused an increase in nitrate reductase activity over the 
normal fertile with the difference approaching significance at 
the 10 percent level of probability. The treatments of Wf9 x 
C103 did not differ appreciably for the June 16 planting with 
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the normal hybrids averaging ,242 micromoles of activity, while 
the detasseled and male sterile exhibited .227 and .202 micro-
moles of nitrate reductase activity. The lower nitrate re­
ductase activity of the male sterile hybrids just reached 
significance at the five percent level, but differed only from 
the normal fertile. The male sterile of Oh43 x B37 had signifi­
cantly less nitrate reductase activity than the detasseled 
while the detasseled. Wf9 x C103 exhibited less nitrate reductase 
activity than the fertile, but did not differ from the male 
sterile, Detasseling G103 x Hy gave a lower assay for nitrate 
reductase than the fertile but the differences were not signifi­
cant. 
Nitrate reductase activity was found to vary with stage of 
plant development as is shown in Table 35. Activity was usually 
at a maximum between the stage of tassel emergence and anthesis, 
and then a decline in activity through the silking stage was 
observed for both plantings. An exception was noted for G103 x 
Hy planted. April 21 when the highest levels of nitrate reductase 
were observed at the silking stage. When treatments within a 
genotype were compared they generally maintained, the same order 
at the various sampling stages although some slight variations 
were noted for the June 16 planting. The individual hybrids 
varied, some with sampling date but Oh43 x B37 and C103 x Hy 
maintained higher levels of nitrate reductase activity than 
Wf9 X G103 at all stages of plant development. 
Two sets of samples per day were taken for nitrate 
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Table 35. Nitrate reductase activity as a mean of all treatments 
at various stages of plant development for three 
hybrids planted on two dates 
Stage 
Tassel Post 
Hybrid. emergence Anthesis Silking silking 
(micro (micro (micro (micro 
moles) moles) moles) moles) 
Planted April 21 
Oh43 X B37 .544 .335 .254 .347 
Wf9 X G103 .460 .245 .140 .217 
C103 X Hy .431 .400 .450 
Means .478 .323 .281 .282 
Planted June 16 
Oh43 X B37 .284 .311 .162 .180 
Wf9 X G103 .263 .263 .119 .115 
C103 X Hy .348 .192 .143 
Means .298 .255 .141 .148 
reductase activity with the morning samples averaging .306 and 
.188 micromoles of activity for the April 21 and. June 16 
plantings respectively and the afternoon values averaged .364 
and .264 micromoles of activity. The mean differences were 
much greater for the second planting due to the lower readings 
for the morning samples. The morning samples for the June 16 
planting had lower nitrate reductase activity values than the 
afternoon samples in all but five of the 32 comparisons as is 
shown in Table 36, however their differences were not beyond 
the range of probability due to chance alone. 
Table 36, Nitrate reductase activity as affected by time of day, stage of plant 
maturity, hybrids, detasseling, male sterility and date of planting 
Stages of development 
Tassel Post 
Hybrid Treatment emergence Anthesis Silking silking 
a.m. p.mo a.m. p.m. a.m. p.m. a.m. p.m., 
Planted April 21 
Oh43 X B37 Fertile 
Detasseled 
Male sterile 
.513 
.692 
.656 
.444 
.418 
.540 
.230 
.232 
.214 
.369 
.450 
.518 
.180 
.207 
.196 
.324 
.339 
.276 
.218 
.270 
.332 
.352 
.405 
.516 
Wf9 X C103 Fertile 
Detasseled 
Male sterile 
.494 
.496 
.478 
. 567 
.304 
.418 
.174 
.141 
.220 
.2 50 
.368 
.318 
.143 
.144 
.178 
.098 
.111 
.164 
.148 
.210 
.198 
.244 
.205 
.299 
G103 X Hy Fertile 
Detasseled 
.386 
.386 
.478 
.478 
.146 
.210 
.308 
.411 
.312 
.585 
.351 
.352 
.392 
.420 
.512 
.476 
Planted June 16 
Oh43 X B37 Fertile 
Detasseled 
Male sterile 
.309 
.224 
.242 
.357 
.358 
.215 
.269 
.354 
.226 
.320 
.373 
.328 
.110 
.110 
.100 
.216 
.224 
.214 
.138 
.144 
.143 
.196 
.233 
.222 
Wf9 X C103 Fertile 
Detasseled 
Male sterile 
.231 
.231 
.238 
.290 
.290 
.296 
.266 
.298 
.257 
.192 
.293 
.269 
.075 
.102 
.086 
.139 
.196 
.157 
.124 
.104 
.096 
.069 
.157 
.139 
G103 X Hy Fertile 
Detasseled 
.255 
.255 
.442 
.442 
.318 
.290 
.488 
.244 
.096 
.092 
.322 
.256 
.110 
.120 
.183 
.160 
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1966 stalk sugar percentage study 
Planting date was observed to have a large effect on sugar 
content of the stalk as shown in Table 37. The mean of all 
treatments for the April 21 planting was 13.49% sugar, while 
the June 16 planting averaged 7,97% sugar on a dry weight basis. 
The hybrids differed significantly from each other at each date 
of planting, G103 x Hy had the highest level of sugar for the 
fertile and detasseled treatments averaging 16,37% and 15,09% 
for the April 21 planting and 9,77% and 10,25% for the June 
16 planting, Wf9 x C103 had consistantly the lowest percent 
sugar for the fertile and detasseled treatments, whereas Oh43 
X B37 was intermediate in its sugar levels for the fertile and 
detasseled treatments with means of 12.77% and 12.99% for the 
April 21 planting and 7,57% and 8.72% for the June 16 planting. 
The male sterile of Wf9 x C103 and Oh43 x B37 gave 
differing responses with date of planting. Wf9 x G103 male 
sterile gave higher sugar values than Oh43 x B37 for the April 
21 planting, 15.48% versus 11.96%, however no differences were 
noted for the second planting. The male sterile of Wf9 x G103 
had a significantly higher sugar percentage than either the 
normal fertile or the detasseled treatment for the April 21 
planting and it also differed from the detasseled treatment in 
the June planting but not the normal fertile. Treatments for 
the other hybrids did not differ. 
The stage of plant development caused a large variation in 
the sugar levels measured. As may be noted in Table 38, sugar 
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Table 37, Percent sugar (dry weight) as effected by detassel-
ing, male sterility and date of planting 
Hybrid Fertile Detasseled Male sterile Mean 
(%) (%) (%) (%) 
Planted April 21 
0H43 X B37 12.77 12.99 11.96 12.57 
Wf9 X C103 10.99 11.99 15.48 12.82 
C103 X Hy 16.37 15.09 --- 15.73 
Mean 13.38 13.36 13.72 13.49 
Planted June 16 
0H43 X B37 7.57 8.72 8.04 8.11 
Wf9 X G103 6.00 5.41 8.00 6.47 
G103 X Hy 9.77 10.25 -- 10.01 
Mean 7.78 8.13 8.02 7.97 
levels decreased from tassel emergence to silking except for 
the material sampled at anthesis in the April 21 planting when 
a significant increase for all treatments was observed. The 
period from tassel emergence to anthesis and anthesis to silk­
ing differed for both planting dates when analyzed separately. 
G103 X Hy had significantly higher sugar percentage at the 
tassel emergence and anthesis stages but not at the other 
stages of development, although it remained higher than the 
other hybrids through the silking stage. 
Detasseling caused a slight increase in the sugar levels 
in Oh43 x B37 and G103 x Hy but a slight decrease in Wf9 x G103 
with the differences all non-significant. The male sterile of 
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Table 38, Percent sugar (dry weight) at four stages of plant 
development as effected by date of planting, de-
tasseling and male sterility 
Tassel Post 
Hybrid Treatment emergence Anthesis Silking silking 
Planted April 21 
Oh43 X B37 
Wf9 X G103 
G103 X Hy 
Oh43 X B37 
G103 X Hy 
Fertile 19. 68 15. 18 9. 18 7. 03 
Detasseled 15. 48 20. 78 7. 80 7, .91 
Male sterile 13. 72 16. .66 8. ,02 9. 51 
Mean 16. 29 17. 52 8. 33 8. 15 
Fertile 10. 68 21. ,74 6. 53 5. 00 
Detasseled 12. 63 23. 78 6. 20 5. 36 
Male sterile 20. 08 25. 83 6. 45 9. 56 
Mean 14. 46 23. ,78 6. 39 6. 64 
Fertile 15. 79 28. ,17 10. 94 10. 57 
Detasseled 15. 79 26. ,80 7. 51 10. 25 
Mean 15. 79 27. 48 9. 22 10. 41 
Date mean 15. 47 22. 36 8. 94 8. 15 
Planted 1. June 16 
Fertile 9. 92 7. 80 5. 82 6, .98 
Detasseled 11. 11 6. 97 7. 10 7. 96 
Male sterile 12. 75 8. 17 5. 70 5. 67 
Mean 11. 26 7. 65 6. 21 6. 87 
Fertile 7. 50 6, ,82 5. ,58 4. 92 
Detasseled 7. 50 6. 05 4. 51 4. 21 
Male sterile 11. 97 6. .56 5. ,38 6. ,66 
Mean 8. 99 6. 48 5. 16 5. 26 
Fertile 17. 13 9. 42 5. 73 6. 45 
Detasseled 17. 13 10. ,18 6. 89 6. 74 
Mean 17. 13 9. 80 6. 31 6. 54 
Date mean 11. 87 7. 75 5. 84 6. 18 
Overall mean 13. 67 15. 06 7. 39 7. 16 
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Wf9 X G103 was significantly higher than the normal hybrid at 
the tassel emergence stage but not at subsequent stages. 
Combining the data from the two planting dates resulted in 
a significant stages x planting date interaction due to the 
high sugar percentage obtained for the anthesis stage of the 
April 21 planting. The means of the combined data indicated a 
significant decrease in sugar percentage between the anthesis 
and silking stage. All hybrids, including the detasseled and 
male sterile treatments, gave the same pattern of response for 
the June 16 planting with mean sugar percentage of 11,87, 7.75, 
5,84 and 6,18 for the tassel emergence, anthesis, silking and 
post silking stages, respectively. 
Dry matter percentage of stalks 
Associated with the decline in the percentage of stalk 
sugars was an increase in the dry matter percentage of the 
stalks as the plants progressed from the tassel emergence stage 
through the post silking stage. Both plantings responded simi­
larly as may be seen in Table 39 with only Wf9 x G103 for the 
April 21 planting failing to give a continuous increase in dry 
matter with each successive sampling period. The mean percent 
dry matter for Wf9 x G103 was 8,76, 7,62, 14,29 and 16,97 at 
the following stages; tassel emergence, anthesis, silking, and 
post silking, respectively. The mean percent dry matter for 
all hybrids at each stage was 9.58, 11,80, 14.94 and 17.37, 
each differing significantly from the other, 0h43 x B37 had a 
higher dry matter content for both plantings from tassel 
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Table 39. Dry matter percentage of stalk as affected by 
planting date, hybrid, detasseling and male sterility 
at various morphological stages of development 
Tassel Post 
Hybrid Treatment emergence Anthesis Silking silking 
Planted. April 21 
Oh43 X B37 fertile 11.09 12.95 15.90 18.89 
detasseled 11,98 12.30 14.96 16.80 
male sterile 11.30 12.65 12.96 15.96 
mean 11.46 12.63 14.61 17.22 
Wf9 X C103 fertile 9.18 7.50 15.30 17.33 
detasseled 7.55 6.98 13.34 15.45 
male sterile 9.56 8.38 14.22 18.13 
mean 8.76 7.62 14.29 16.97 
G103 X Hy fertile 7.87 11.50 14.25 17.57 
detasseled 7.87 12.13 12.14 17.36 
mean 7.87 11.82 13.70 17.46 
Planted 1, June 16 
Oh43 X B37 fertile 11.06 13.44 17.99 18.67 
detasseled 11.33 14.45 15.57 15.39 
male sterile 10.26 13.78 16.79 18.30 
mean 10.88 13.89 16.78 17.45 
Wf9 X G103 fertile 9.85 12.30 14.39 18.05 
detasseled 9.85 12.26 14.18 17.16 
male sterile 9.28 10.63 13.94 16.04 
mean 9.66 11.73 14.17 17.08 
C103 X Hy fertile 8.84 14.00 15.72 17.71 
detasseled 8.84 12.38 16.41 18.42 
mean 8.84 13.14 16.06 18.06 
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emergence through silking than did. the other two hybrids, but 
0H43 X B37 differed significantly from G103 x Hy and Wf9 x G103 
only at the tassel emergence stage and from Wf9 x G103 at the 
anthesis stage. The June 16 planting of G103 x Hy had a sig­
nificantly higher percent dry matter than Wf9 x G103 at the 
silking stage, but by three days after silking all hybrids had 
essentially the same dry matter percentage. 
As is shown in Tables 39 and 40 there were slight differ­
ences observed between the normal fertile, the detasseled. and 
male sterile plants, but only the fertile and. male sterile 
differ significantly for all hybrids with means over both 
plantings and all hybrids of 13.81, 13.47, 12,82% for the 
fertiles, detasseled. and. male sterile plants, respectively. 
The male sterile of Wf9 x G103 had. a significantly lower dry 
matter content than the normal fertile plants for the same 
sampling periods for both plantings. This was in part, and 
perhaps entirely, due to its being approximately one to two 
days later in reaching the same morphological stages of develop­
ment, The 0h43 x B37 male sterile had. slightly lower dry 
matter than the fertile but the difference was non-significant. 
Detasseling appeared to have the effect of lowering the 
dry matter percentage relative to the normal fertile but 
difference approached significance only at the 10 percent level. 
Differences in dry matter percent for planting dates were 
not large, however they were none the less highly significant 
when tested as paired, comparisons. The response of Wf9 x G103 
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Table 40. Dry matter percent of stalk as affected by planting 
date, hybrid detasseling, male sterility 
Hybrid Fertile Detasseled 
% % 
Male sterile 
% 
Mean 
% 
Planted April 21 
0h43 X B37 
Wf9 X C103 
0103 X Hy 
14.71 
12.57 
12.87 
14.01 
12.33 
12.62 
13.22 
10.83 
13.98 
11.91 
12.74 
Mean 13.38 12.99 
Planted June 16 
12.02 12.80 
0h43 X B37 
Wf9 X G103 
0103 X Hy 
15.29 
13.36 
14.07 
14.19 
13.65 
14.01 
14.78 
12.47 
14.75 
13.16 
14.04 
Mean 14.24 13.95 13.62 13.94 
Grand mean 13.81 13.47 12.82 
at the anthesis stage of the April 21 planting contributed to 
the high level of significance, but removal of these data did 
not change the level of significance. 
Correlations with nitrate reductase, sugar, and, dry matter 
Correlation coefficients measuring the association of 
nitrate reductase, sugar percentage, refractometer readings and 
dry matter percentage as a mean of all treatments for the two 
plantings are summarized in Table 41. The results from the two 
planting dates are in close agreement. Nitrate reductase gave 
a low positive correlation with sugar percentage and a low 
negative correlation with dry matter percentage and refractometer 
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Table 41. Correlation coefficients over all treatments for 
nitrate reductase, percent dry matter, refractometer 
reading and sugar percentage 
Nitrate 
reductase 
Percent Refractometer 
dry matter reading 
April 21 planting 
Percent dry matter 
Refractometer reading 
Percent sugar 
-.206 
-.156 
.182 
.837** 
- .719** 
June 16 planting 
- .639** 
Percent dry matter 
Refractometer reading 
Percent sugar 
-.261* 
- .272* 
.258* 
.845** 
- .571** -.415 
reading with the April 21 planting, both of which were non­
significant, The June 15 planting gave r values with the same 
algebraic sign but reached, significance at the 5 percent level. 
The correlations which were of more interest because of their 
magnitude were the high positive correlations of refractometer 
with dry matter percentage, r = ,837 and. .845 for the April 21 
and June 16 planting respectively. Sugar was negatively corre­
lated with dry matter percentage and refractometer reading with 
r values of -.719 and -.639 being obtained with the April 21 
planting whereas the June 15 planting gave r values of -.561 
and -.415, all significant at the 1 percent level for the same 
comparisons. 
The detasseled and the male sterile plants for the April 
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planting exhibited slight variances from each other and from 
normal fertile hybrids in their r values for the variates 
correlated, but in no case were there significant differences 
as is shown by the data in Table 42. When the male steriles 
were compared, i.e., the male sterile of Oh43 x B37 and Wf 9 x 
G103, a difference at the 10% level probability was noted for 
the correlation of dry matter and sugar with Wf9 x G103 having 
a high negative correlation (-.872) and Oh43 x B37 a low nega­
tive correlation (-.239), 
Combining the treatments for each hybrid was permissible 
since the data from the treatments within a hybrid were homo­
geneous, Wf9 X G103 was observed to have a significant negative 
correlation (-.562) between nitrate reductase activity and dry 
matter percentage while the other hybrids had low positive r 
values of .044 and ,048, Hybrids differed at the 10% level of 
probability for the correlation of nitrate reductase and sugar 
with Wf9 X G103 having a positive correlation of ,481 while 
C103 X Hy and 0h43 x B37 had ^  values of -.245 and. .154 re­
spectively. 
The correlation coefficients obtained from the June 16 
planting are presented, in Table 43 and were similar in most 
comparisons with those of the April 21 planting. The comparison 
of nitrate reductase activity versus sugar percentage differed 
somewhat from the April planting, although not significantly. 
The detasseled hybrids all gave positive correlations for the 
June planting and with the exception of Wf9 x G103 all gave 
Table 42. Correlation coefficients of nitrate reductase, dry matter, refractometer 
and sugar for hybrids and their detasseled and male sterile counterparts 
planted April 21, 1966 
N.R, vs N.R. vs N.R. vs DM% vs DM% vs Refract vs 
Hybrid Treatment DM % Refract Sugar % Refract SugarTo Sugar % 
Oh43 X B37 Fertila .008 -.141 .235 .935** - .871** -.841** 
Detasseled -.125 - .382 - .156 .781* 663 - .633 
Male sterile .243 .402 .379 .767* - .239 - .228 
Mean .044 -.039 .154 ,849** -.659** - .626** 
Probability of 
no difference .90 .50  .70 .70  .30 .30 
Wf9 X G103 Fertile -.558 -.474 .578 .924** -.792* -.721* 
Detasseled - .720* - .672 .377 .820* -.711* - .875** 
Male sterile - .350 -.172 .473 .696 - .875** - .649 
Mean - .562* - .462 .481 .838** - .803** - .766** 
Probability of 
no difference .70 .50 .90 .50 
o
 
00 
.70  
G103 X Hy Fertile .198 .171 - .425 .841** -.675 - .815* 
Detasseled -.103 -.168 -.045 . 666 - .690 -.787* 
Mean .048 .002 -.245 .7 66** - .683* - .801** 
Probability of 
no difference .70  .70 .70 .50 .95  .90 
Probability of 
no difference 
between hybrid 
means .05 .30 .10 00
 
o
 
.70 .70 
Table 43. Correlation coefficients of nitrate reductase, dry matter, refractometer, 
and sugars for three hybrids and their detasseled and male sterile 
counterparts planted June 16, 1966 
N.Ro vs N.R. vs N.R. vs DM% vs DM% vs Refract 
Hybrid Treatment DM % Refract Sugar % Refract Sugar% Sugar 
Oh43 X B37 Fertile - .218 - .326 -.295 .833** - .722* - .355 
Detasseled -.223 -.431 .277 .890** - .831** -.590 
Male sterile -.211 - .292 -.301 .950** -.516 -.491 
Mean - .218 -.350 -.109 .902** - .712** - .497* 
Probability of 
no difference .99  .98 .50 .50 .70 .90  
Wf9 X G103 Fertile - .409 -.184 -.102 .745* - .675* -.407 
Detasseled - .820** - .533 .556 .788** - .797* - .526 
Male sterile -.347 -.429 .013 .862** - .601 -.418 
Mean -.574** - .391 .177 .804** - .698** -.451* 
Probability of 
no difference .30 .80  .70 .90 .80  .95 
G103 X Hy Fertile -.196 - .333 .282 .856** - .706* - .425 
Detasseled -.421 -.383 .388 .978** - .624 -.544 
Mean -.313 -.359 .337 .943** -.664** -.487 
Probability of 
no difference .50  .90 .90 .10 .30 .80 
Probability of 
no difference 
between hybrid 
means .30  .98 .30 .20  00
 
.98  
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negative correlations for the April planting. The mean of the 
male sterile and. detasseled treatment for the various hybrids 
for the correlation of nitrate reductase versus sugars also 
differed with planting date but approach significance at the 
10% level. 
Detasseled Wf9 x G103 was the only treatment giving a sig­
nificant correlation between nitrate reductase and dry matter 
for both the April and June planting. Detasseling also seemed 
to give a higher correlation for the comparison of dry matter 
percent and refractometer reading for all hybrids with a mean 
T_ values of ,817 and .918 for the normal fertile and the de­
tasseled plants. 
The data for treatments for the June planting were homo­
geneous as the data in Table 43 reveals, thus permitting 
treatments to be combined and comparison of hybrids over all 
treatments. 
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DISCUSSION 
Date of Planting Study -1965, 1966 
Several investigations have indicated that later dates of 
planting of many commercial corn hybrids result in more vege­
tative plant growth. Chiang and Hodson (1963) have shown a 
tendency for fewer ears per plant as a result of later planting 
dates of sweet corn, whereas Norden (1961) and Wofford ejk al. 
(1956) noted no appreciable affect of date of planting on number 
ears per 100 plants. In this investigation the response of 
high population tolerant and high population intolerant hybrids 
to dates of planting were compared at normal and very high 
plant populations. The purpose of the study was primarily to 
obtain some indication of the influence of environmental con­
ditions on the growth and the barrenness response of the 
genotypes included in the study. 
The hybrids studied exhibited a distinct difference in 
their response to date of planting. The population intolerant 
hybrids were more adversely affected in both years by delayed 
plantings. Grain yields were highest for the first two plant­
ings and then declined, with an abrupt decline for the June 
planting. Wf9 x G103 in 1965 exhibited the greatest decrease 
in yield with delayed plantings, however in 1966 very poor 
stands were obtained and. no data were collected for the hybrid. 
G103 X Hy, a population intolerant hybrid, was the highest 
yielding hybrid at the earliest planting in 1965 and was not 
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significantly less than the highest yielding hybrid in 1966, 
071 X 705, also a population intolerant hybrid, in 1966 de­
creased from the highest yielding hybrid for the April planting 
to the second lowest for the June planting. The population 
tolerant hybrids, M14 x B14, 695 x 334, and 07 x Hy, were much 
more stable in their yield response with various dates of 
planting. With the exception of 695 x 334, the tolerant hybrids 
did not yield as well as the intolerant hybrids when planted 
early but were superior when planted late, 07 x Hy gave a 
somewhat intermediate response and probably should not be con­
sidered as a high population tolerant hybrid. 
Planting early had the effect of making the population 
intolerant hybrids tolerant to the high population. Delayed 
planting caused a general reduction in yield but a greater 
reduction in yield was noted for the high plant population for 
both population tolerant and intolerant hybrids with the later 
planting. Grain yield of the plantings at the high plant popu­
lation averaged 90.5 and 87.5 percent of the low plant population 
for 1965 and 1966, respectively, while the yields for the June 
plantings were 80,7 and 66,2 percent for the same comparisons. 
This clearly implicates an interaction between population and 
planting date. These results were in close agreement with the 
findings of Rossman and Cook (1966), Benoit e^ (1965), 
Grogan et al, (1959) and Hume et (1956). Hybrids also 
interacted in both seasons with the intolerant hybrids eliciting 
a greater differential between populations at all dates of 
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planting but particularly for the June planting. The inter­
action of hybrids with date of planting has not been generally 
reported particularly for hybrids of the same maturity group. 
Grogan (1959) compared two hybrids from each of four 
maturity groups at planting dates from April to mid-June and 
found no interaction with dates for hybrids within a maturity 
group. 
Associated with the decrease in grain yields with delayed 
planting dates was a corresponding increase in barrenness and 
nubbin ear development in both 1965 and 1966, The increase in 
barrenness and nubbins from the first planting to the last 
planting, 264% in 1965 and 467% in 1966, explains the observed 
reductions in grain yield noted. The causal factors of the 
increased barrenness and nubbin ear production are less easily 
defined. The most noticeable relationship between increased 
barrenness with delayed plantings was the greater differential 
between silking and anthesis dates observed for the later 
planting dates. The early planted, hybrids silked within one to 
six days of anthesis whereas silking dates for the June plant­
ings were delayed from less than one day to 9.4 days. The 
highest level of barrenness was observed for those hybrids 
having the greatest delay in silking, i.e., G103 x Hy, Wf9 x 
G103, and 071 x 705. The association of barrenness and delayed 
silking has been noted as an effect of increased plant popu­
lations by Woolley et aJ.o (1962), Sass and Loeffel (1959), Moss 
and Stinson (1961), Kohnke and Miles (1951), and Schwanke (1965). 
96 
The results obtained here would indicate a similar effect for 
delayed date of planting. 
Several attempts have been made to extort the cause of 
delayed silking as exhibited by various hybrids. Moisture has 
been most often implicated as a causal factor of delayed silk­
ing as noted by Woolley ^  (1962), Barnes (1966) and Tatum 
(1954), It should be emphasized that the present studies were 
conducted under irrigated conditions and soil moisture was not 
considered to be a limiting factor through the silking stage. 
This does not mean that plants were not stressed on days of 
very high evaporative demand. The study was conducted in such 
a manner as to minimize moisture as a causal factor of barren­
ness. 
Stover yield may be thought of as a measure of the vege­
tative productivity of the plant. If barrenness is due to the 
dominance of vegetative growth over reproductive development as 
has been suggested by Schwanke (1965) and Sowell ^  _al. (1961), 
one would expect a greater stover production from the hybrids 
and dates which exhibited higher levels of barrenness. The 
data collected in 1965 and 1966 do not support such a hypothe­
sis, In 1965 the high population intolerant hybrids actually 
exhibited a decrease in stover production for the June planting 
while the population tolerant hybrids were found to increase 
slightly in stover production. The 1966 results were equally 
as inconclusive, C103 x Hy, an intolerant hybrid, produced 
less stover for the June planting than at the May 20 planting 
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date. All of the other hybrids, both tolerant and intolerant, 
exhibited a slight increase in stover production for the June 
planting. The increase in stover yields with the late plantings 
was probably due to increased barrenness, Kiesselbach (1948), 
and Loomis (1935) have shown that the stalk may act as a sink 
for photosynthate in the absence of an ear. Because of the 
inconsistency of the data no conclusions relative to the role 
of stover production or vegetative growth and barrenness can be 
made, 
The grain-stover ratio should be a reflection of the ef­
ficiency of the plant and. its ability to convert photosynthate 
into the economically important plant part, the grain. Much 
larger changes in ratios were noted for the late plantings in 
1966 than in 1965 and these changes occurred at both popu­
lations, The high population tolerant hybrids tended to have a 
higher grain-stover ratio in both years with the higher ratio 
due to more grain production rather than less stover. 
Date of planting was of sufficient importance that se­
lection for population tolerance based on the grain-stover ratio 
of early planted plots would result in the rejection of toler­
ant lines and the acceptance of intolerant lines. In both 
years M14 x B14 had the highest ratio and the intolerant hybrids 
G103 X Hy, 071 x 705 and Wf9 x C103 had the lowest ratios as a 
mean of all dates of planting. The former is a short statured 
plant which produces an ear on almost every plant and the latter 
three hybrids are rather tall plants and less efficient in the 
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production of an ear, thus the lower ratios, 695 x 334 was a 
tall, leafy hybrid., and. had. a greater total dry matter production 
than the other hybrids tested, in 1966 and had the lowest grain-
stover ratio for the April planting and second lowest for the 
June planting, even though it was second, highest in grain yield, 
at the April planting and first for the June planting. Grain-
stover ratio is not a good means of distinguishing between 
population tolerant and intolerant lines nor does it give any 
indication of the cause of barrenness. The grain-stover ratios 
obtained are in fact a reflection of the degree of barrenness 
observed for the various hybrids. 
Silking rate as measured, by the number of days delay was 
the most meaningful means between anthesis and. silking of com­
paring the effects of date of planting, A significant inter­
action was noted, each year for hybrids x planting dates for 
silking. In both years the interactions were primarily due to 
the population intolerant hybrids, G103 x Hy, Wf9 x C103 and. 
071 X 705, With early dates of planting these hybrids exhibited, 
a tendency for faster silking than they did with the later dates 
of planting. This was particularly true at the high plant 
population. Increasing the plant population has been shown by 
Kohnke and Miles (1951), Sass and. Loeffel (1959), Dungan et al. 
(1958), Woolley ^  a^o (1962), and Moss and Stinson (1961) to 
cause an increase in the interval between anthesis and silking 
by approximately one day for every 3000-4000 more plants per 
acre. The average delay in silking of the high population as 
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compared, to the normal population in these studies should have 
been 3-4 days, but seldom was the delay more than two days and 
differences of this magnitude occurred most frequently for the 
last two planting dates and at the high population with the 
intolerant hybrids. 
Anthesis date was much more stable to date of planting and 
plant population effect than was silking date. Wf9 x G103 in 
1965 was the only hybrid observed to give an interaction with 
planting date. Comparison of the relative dates of anthesis 
for the various hybrids disclosed that the anthesis date of 
Wf9 X C103 was delayed by the later dates of planting. Silking 
date was not as closely correlated with anthesis date as was 
expected. The correlation was lower for the intolerant hybrids 
than the tolerant and usually for the later dates of planting 
for all hybrids. The fact that days delay in silking gave very 
low correlations coefficients (r = .100) with anthesis date and 
rather high correlations (r = .804) with silking date verifies 
the view that silking date was the most variable aspect of slow 
silking and not time of anthesis. Omitting the data for the 
third, date of planting in 1965 it was observed that the corre­
lation coefficients for all four hybrids tend to increase from 
the earliest planting to the latest planting. The more silking 
was delayed, the higher was the correlation of days delay in 
silking and silking date. 
Leaf area above the ear followed the same pattern in both 
years, i.e., increased from the first to last date of planting. 
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The leaf area was somewhat greater in 1966, particularly for 
the earlier plantings. Any change in leaf area for the leaves 
above the ear must be attributed to a change in leaf size and 
not leaf number since the number of leaves per plant and par­
ticularly those above the ear remained rather constant for all 
hybrids over both years at the various dates of planting. The 
increase in leaf area with the later dates of planting and. the 
larger leaf area in 1966 over 1965 can be accounted for to a 
large extent by solar radiation and. temperature variations. 
The flux density was higher in 1966 averaging 517 Langleys per 
day compared to the 463 Langleys per day in 1965 for the four 
months May through August as is shown in Appendix Table 1 and. 
2. Temperatures in 1966 were approximately 5°F, cooler during 
April and May followed by temperatures approximately 5°F. 
warmer during the month of July than the temperatures recorded 
in 1965. The temperature and precipitation data are presented 
in Appendix Tables 3 and. 4. The correlation of leaf area above 
the ear with the mean daily radiation during the period from 
emergence to 30 days prior to anthesis was 0.952. If the mean 
radiation density for the period 30 days prior to anthesis was 
considered, the correlation with leaf area gave an r value of 
.759 which was significant at the 5 percent level. The corre­
lation for the entire period from planting to anthesis was a 
non-significant .650. The mean solar radiation and temperature 
data for various periods used in the above correlations are 
presented in Appendix Tables 5 and 6. 
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Total leaf area varied, somewhat in both years and if 
measurements had been made when the hybrids for each date were 
at their maximum leaf area the total leaf area should, have 
followed the leaf area above the ear somewhat more closely than 
it did. In 1966, a noticeable loss of lower leaves on the 
plants occurred, shortly after silking and before leaf measure­
ments were made for the June 7 planting. Thus, the total leaf 
area measurements can not be considered when trying to associate 
factors affecting leaf growth as the measurements do not repre­
sent the maximum leaf area produced by the plants but rather 
the leaf area that existed a week to ten days after anthesis. 
Leaf area above the ear was calculated, separately to de­
termine if the leaf area on the upper portion of the plant 
would, be more closely associated with anthesis date, silking 
date, and days delay in silking than total plant leaf area. 
From the correlations obtained it was apparent that total leaf 
area was more closely associated with the plant attributes 
measured than was the leaf area above the ear. The correlations 
of leaf area above the ear and. total plant leaf area averaged. 
.744 for the four hybrids studied in 1965 with very little 
hybrid to hybrid variation. The correlation was not as high as 
expected due to variation in number of leaves above the ear and. 
total number of leaves per plant. 
Ear height from the soil surface was closely related (r = 
.952) to the mean of the daily radiation from emergence to 
anthesis and to a lesser degree the mean air temperature for 
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the period. 30 days prior to anthesis. Total plant height to 
the base of the tassel was not as highly correlated (r = .883) 
with mean daily radiation from emergence to anthesis as was ear 
height, but the relationship was still higher than with temper­
atures during the period 30 days prior to anthesis which gave a 
correlation of .727 with plant height. 
Hanway (1962) has shown that the majority of the leaf 
growth as measured by increase in dry weight is produced, in a 
two week period, beginning four weeks prior to anthesis. It 
thus seems reasonable to expect the correlation for mean 
radiation from plant emergence to 30 days prior to anthesis to 
give a higher correlation with leaf area than the total period, 
from emergence to anthesis. The fact that temperature is not 
as highly correlated with leaf area or final leaf size as 
radiation data is not unexpected from a physiological point of 
view. Temperature has been shown by many workers to influence 
cell division and cell elongation, the major components of 
growth. Additional requirements of growth are sugar or energy 
compounds which come primarily from daily photosynthesis in 
annual plants such as corn. Solar radiation supplies the energy 
for photosynthesis and. integrated, with solar radiation is an 
expected temperature effect, thus it is reasonable to expect a 
higher correlation with radiation than temperature. The observed, 
increase in leaf area and plant height with increased, solar 
radiation is not in agreement with Shirley (1929, 1935) who 
reports maximum plant height and. leaf area were attained, at 
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light intensities considerable below full summer sunlight in 
shading experiments. Earley e± aj.. (1966) also observed, maximum 
plant height with 20 to 40% full sunlight in shading experiments 
with maize. 
Lodging in both years was similar with 07 x Hy and C103 x 
Hy having the highest level of lodging in both years. The 
effect of dates of planting on lodging was in accord with the 
results of Boone e± (1966) who found the later planting 
dates resulted in higher levels of lodging. The third date of 
planting in both years was observed to have the highest percent 
lodging followed by the June planting. The degree of lodging 
was closely associated with the extent of stalk rot infection, 
but some lodging was directly attributable to corn borer damage, 
Pappelis and Boone (1966) in an Illinois study found higher 
levels of stalk rot in mid-April and early May planted corn 
than in later planted corn. No direct notes of stalk rot inci­
dence were made in the current study, thus it can not be said, 
that the lower levels of lodging observed, for the early plant­
ings were due to a lower incidence of stalk rot. The taller 
plants and higher ear heights achieved with the later plantings 
may account for some of the increased lodging. 
Late planting was observed, to produce grain of considerably 
lower quality as measured by bushel weight. All hybrids 
differed slightly with G103 x Hy, 07 x Hy being affected the 
most by delayed planting. This response probably was closely 
correlated with the increased lodging noted for the two hybrids 
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for the later plantings. The decreased bushel weight is not 
due to immature grain at harvest as the grain had sufficient 
time to be at physiological maturity before killing frosts 
occurred and the moisture was less than 35% at harvest. The 
decreased in bushel weight with delayed planting is in accord, 
with the results of Grogan e_t al. (1959), Hume et _al. (1956), 
Gilmore and Rogers (1959), Ragland et a_l. (1966), Kiesselbach 
et al. (1935), and Leonard _et (1940), 
Refractometer studies 
Barrenness is an individual plant response to a given 
plant community situation thus one should make all measurements 
on individual plants. The use of the refractometer was an 
attempt in this direction. It was hypothesized that the 
refractometer readings would give an indication of the sugar 
status of the plant without destroying it. The individual 
plant's characteristics and responses to its environment could 
then be noted and correlationed with the refractometer readings 
obtained. The data collected gave a very low correlation for 
the refractometer reading and sugar percentage, and a very high 
correlation with dry matter content. Thus refractometer read­
ings made in the field were much better indicators of dry 
matter status of the sampled tissue than any other character­
istic, The only individual plant characteristic measured known 
to be directly correlated with barrenness was days delay in 
silking. The correlation of refractometer readings with the 
number of days delay in silking was a very low -,173 as a mean 
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r value over all hybrids with very little difference between 
hybrids. The highest correlations obtained for the refractome-
ter reading were with percent dry matter (r = 0.842), anthesis 
date (r = -0.454), and silking date (r = -0.399). The anthesis 
date and silking date were negatively correlated with refrac-
tometer reading because the refractometer was measuring the dry 
matter status of the plant. The more mature the plant was, the 
higher the dry matter content was, the earlier the plant reached, 
the anthesis and. silking stage, and. the higher was the ref rac­
tometer reading observed. It may then be reasoned that the 
correlations between refractometer reading and anthesis date 
and silking date were a function of the dry matter status of 
the plant. 
It was of interest and perhaps of significance that the 
correlations for number of days delay in silking and refrac-
tometer reading were negative in most cases. In view of the 
very high correlation between refractometer reading and. dry 
matter percentage the data were suggestive that one cause of 
barrenness was insufficient dry matter accumulation at or 
shortly after anthesis. In high plant populations, plants were 
observed, which were less vigorous and were delayed relative to 
the rest of the plants in the population and these were very 
often the plants which failed, to produce an ear. This explains 
at least part of the increased, barrenness observed, with in­
creased population. The effect of delayed planting date 
appeared to have the effect of increasing the number of these 
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"runt" plants. There were many plants for the hybrids Wf9 x 
C103 and 071 x 705 which produced, very large stalks with a 
rather large leaf area and were still barren, hence size and 
dry matter percentage are not the only causal factors of barren­
ness. 
Leaf area per plant may be considered a measure of the 
plants potential to intercept available light and indirectly 
this determines the potential photosynthate available for the 
plants growth and ear shoot development. The correlation of 
both the leaf area above the ear and total leaf area per plant 
with days delay in silking were rather low, averaging -.138 and 
-.273, The correlations were significant, however one would be 
amiss to suggest that leaf area was a major factor in affecting 
the delay in silking. 
Leaf area was somewhat more highly correlated with refrac-
tometer readings than the other plant characteristics measured, 
except dry matter percentage. Larger leaf area tended to be 
associated with plants with higher refractometer readings. The 
higher refractometer readings were probably due to higher dry 
matter content of the plants rather than increased sugar con­
tent, although the latter may be of some consideration. Eisele 
(1935) concluded that dry matter production and stalk diameter 
were affected more adversely than leaf area production by an 
increased plant population. Thus, the relationship of leaf 
area per plant and refractometer readings from stalk extracts 
would appear to be in agreement with Eisele's (1935) findings. 
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Refractometer reading should not be compared over dates of 
planting because the plants were not sampled at exactly the same 
stage of development and it was shown that the dry matter status 
of the plant changes rather rapidly during the period from 
tassel emergence to silking. Due to the close relationship be­
tween dry matter and the refractometer readings obtained, no 
valid conclusions can be drawn relative to the changing refrac­
tometer values obtained with the various planting dates. 
Stalk sugar determinations 
Sugar status of the stalk has been considered by Sowell 
^ (1961), Moss and Stinson (1961) and Van Reen and 
Singleton (1952) to be of minor importance in differentiating 
between high population tolerant and intolerant hybrids or as 
a factor influencing barrenness. Knipmeyer et (1962) also 
concurred that carbohydrate metabolism was not the most limiting 
factor. The results obtained in this study of high sugar per­
centage for plants planted early versus the lower sugar values 
for the late planted plants would tend to refute, at least in 
part, the arguments that sugar levels were of little consequence 
in determining the degree of barrenness. The early planted 
hybrids exhibited lower levels of barrenness and higher levels 
of sugar than the late planted hybrids. 
The hybrids differed markedly in their sugar levels with 
G103 X Hy higher in stalk sugar than Oh43 x B37 and Wf9 x G103. 
Van Reen and Singleton (1952) found the inbreds Wf9 and G103 to 
be very high in sucrose while Hy was rather low. Oh43 x B37 was 
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intermediate in its sugar levels but was the most productive 
hybrid. The presences of a high level of sugar does not imply 
high yields as was shown by Van Reen and Singleton (1952) but 
perhaps each genotype requires a different threshold level of 
sugar to promote ear shoot development. 
It is apparent that sugar levels per se can not be used as 
a guide to select high population tolerant or intolerant lines, 
but the data permits the conclusion that later dates of planting 
coupled with the intrinsic effect of decreasing amounts of 
solar radiation due to shorter days and increased respiration 
due to higher temperatures results in plants with lower levels 
of carbohydrate. The lower levels of stalk sugar associated 
with the late planting date manifests itself in delayed silking, 
and poor silk receptivity to pollen resulting in increased 
barrenness and nubbin ear production. 
The variations in stalk sugar percentage for the different 
hybrids were in agreement with the findings of Wysong and 
Hooker (1966), Mortimore and Ward. (1964), and Van Reen and 
Singleton (1952) who found marked differences in sugar levels 
of stalk tissue for the various genotypes investigated. C103 x 
Hy produced, consistently the highest mean sugar percentage 
levels followed by Oh43 x B37 and the Wf9 x C103. The high 
population tolerant hybrid, Oh43 x B37, was neither consistently 
higher or lower than the intolerant hybrids in sugar levels at 
the various stages of development. The conclusion of Van Reen 
and Singleton (1952) that level of stalk sugar was not reflected 
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in grain yield is in accord with the results obtained in the 
present study. Wf9 x G103 had consistently the lowest sugar 
levels and it was the least productive with the highest level 
of barrenness whereas G103 x Hy had consistently the highest 
levels of sugar and was more barren than Oh43 x B37 but less 
than Wf9 x C103. 
Sugar levels on a percent basis decreased from tassel 
emergence and/or anthesis through the silking stage for all 
hybrids tested. These results are in agreement with the find­
ings of Mortimore and Ward (1964) who noted a decrease in sugar 
percentage for the pith and rind of the internodes for the 
period from tassel emergence to physiological maturity, but 
disagree with the findings of Knipmeyer ejt (1962) who found 
only slight differences in stalk sugar levels with various 
stages of development. Mortimore and Ward (1964) also recorded 
a lower sugar percentage for plants grown at 25,000 plants per 
acre' than at 15,000 or 5,000 whereas Knipmeyer ^  (1962) 
found no differences between 4,000 and 28,000 plants per acre. 
No significant interactions of hybrids x stages of development 
were obtained, thus sugar levels per se at the various morpho­
logical stages of development will not explain the differential 
barrenness response of hybrids but could account for differences 
due to date of planting. 
Detasseling resulted in an increase in stalk sugar per­
centage in four of the six comparisons with the normal fertile 
plants for three hybrids over two planting dates, however the 
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differences were not significant. The male steriles had, higher 
levels of sugar in three of four comparisons with only one sig­
nificantly higher than the normal fertile. Although the 
differences were not significant the trend for the detasseled. 
and male sterile plants to have higher levels of stalk sugar 
may be considered as partial evidence for explaining the 
differential response of increased yield and decreased barren­
ness for the detasseled and. male sterile plants compared to the 
normal fertile when they are placed under stress conditions. 
The differences for the treatments are greater for the late 
date of plant than the early planting and as indicated earlier 
the late planting was probably subjected to more stress than 
the early planting. 
The response of the detasseled, Wf9 x C103 plants is 
somewhat irratic for the two dates of planting and, the lower 
sugar levels may reflect greater plant injury due to detassel-
ing, Schwanke (1965) found, Wf9 x C103 to be less responsive 
than G103 x Hy to detasseling when planted at high plant popu­
lations and. detasseled, at the pre-tassel emergence or tassel 
emergence stages. Slight yield, reductions occurred and 
barrenness increased when Wf9 x C103 was detasseled, whereas 
G103 X Hy was very responsive to detasseling giving a 200% in­
crease in yield and 58% reduction in barrenness, Oh43 x B37 
exhibited only a slight positive response to early detasseling 
in Schwanke's (1965) studies. The late date of planting had a 
greater effect on stalk sugar levels (41% reduction) than on 
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the nitrate reductase activity (34% reduction) of the plants 
assayed. All hybrids, the normal fertile, detasseled, and male 
sterile counterparts had significantly lower sugar percentages 
for_the June planting than were recorded for the April planting. 
Wf9 X C103 exhibiting a greater reduction than the other 
hybrids, which is in accord with the amount of barrenness ob­
served, Sugar levels of the stalk and nitrate reductase 
activity exhibited low levels of association as is shown in 
Table 41. The June planting was apparently under higher plant 
stress conditions and resulted in a higher correlation between 
sugar and nitrate reductase than was obtained for the April 
planting. It should be pointed out that the individual hybrids 
differed markedly in the degree of association between sugars 
and nitrate reductase activity, precluding any general statement 
of the dependence or interdependence of these two factors, 
Knipmeyer ^  (1962) have suggested that nitrogen metabolism 
and nitrate reductase activity were more closely associated 
with the light intensity than was carbohydrate metabolism, a 
conclusion only partially supported by the present data. 
Dry matter changes 
Dry matter changes with stage of development of the inter-
node opposite the ear were similar to those obtained for the 
whole plant by Hanway (1962) and Johnson ^  (1966), During 
the period, from tassel emergence through silking the stalk 
underwent rapid changes in dry matter content, however some 
variation among hybrids was noted for percent dry matter during 
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the stages of tassel emergence, anthesis and silking, Oh43 x 
B37 had consistently higher levels of dry matter at the tassel 
emergence stage than did Wf9 x C103 but at the post silking 
stage these differences were much smaller, although the Oh43 x 
B37 normal plants still had higher dry matter levels, 
Detasseling had the effect of delaying or reducing the dry 
matter percentage relative to the control plants. This may be 
a reflection of injury to the plant due to detasseling. The 
responses of the male sterile and detasseled plants of Wf9 x 
C103 and Oh43 x B37 were similar with lower dry matter per­
centages than the male fertile in all comparisons. Date of 
planting had a slight effect on dry matter percentage at the 
various stages of development, with the higher levels of dry 
matter noted for the second date possibly due to the less 
favorable moisture conditions that apparently existed. 
If the higher percent dry matter is associated with earlier 
maturation of the cells in the internode then one may hypothesis 
on the basis of data obtained for the normal fertile plants 
that early differentiation may result in better tolerance to 
high populations. The results from the detasseled and male 
sterile plants do not give support to this hypothesis, nor does 
the work of Schwanke (1965), He found only a slight indication 
of the population intolerant hybrids remaining vegetative longer 
than the tolerant hybrids. However, Schwanke (1965) does not 
present data for the percent dry matter change that occurred 
for the hybrids sampled five times from before tassel emergence 
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to 30 days after tassel emergence. 
Nitrate reductase activity measurements 
The determinations of nitrate reductase activity over the 
period, from tassel emergence to two or three days after silking 
for the fertile, detasseled, and male sterile of Oh43 x B37 and 
Wf9 X C103, and the fertile and detasseled plants of C103 x Hy 
are in general agreement with many of the findings of Hageman 
et al. (1961), Zieserl e_t aX. (1963), and Knipmeyer et al, 
(1962), however some new questions also were raised. 
Time of day that the tissue was collected had a signifi­
cant affect on the amount of nitrate reductase activity. The 
early morning samples consistently gave lower levels of activity 
than did the samples collected near solar noon. These results 
are similar to the results obtained by Hageman ^  _^o (1961) 
when they found a diurnal variation in nitrate reductase ac­
tivity with the highest solar radiation incident to the leaf 
surface giving the highest level of nitrate reductase activity. 
Thus the early morning samples may be expected to be lower be­
cause of lower levels of radiation during the period of daylight 
just prior to sampling. 
Hybrids were observed to exhibit a marked difference in 
their nitrate reductase activity as was expected on the basis 
of the earlier work of Knipmeyer ^  (1962), Zieserl and. 
Hageman (1962), and. Zieserl ^  ^2. (1963). Wf9 x G103 exhibited 
lower levels of nitrate reductase activity than either Oh43 x 
B37 or C103 x Hy. Wf9 x C103 is a high population intolerant 
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hybrid which Zieserl e_t a2. (1963) found, to be rather low in 
nitrate reductase activity. 0103 x Hy likewise is a population 
intolerant hybrid but its response was significantly different 
from Wf9 x C103 but not from the high population tolerant 
hybrid 0h43 x B37. It is apparent that high levels of nitrate 
reductase activity need not predispose a hybrid to high popu­
lation tolerance. 
Nitrate reductase activity values obtained for stages of 
development for each of the hybrids displayed the same pattern 
observed by Zieserl ^  (1962, 1963), i.e., the highest 
levels of activity were measured at the tassel emergence stage 
followed by a general decrease for most of the treatments 
through the post silking stage, 
Detasseling or using male sterile plants has been shown by 
Leonard and Kiesselbach (1932), Grogan (1956), Duvick (1958), 
Chinwuba et (1961) and Schwanke (1965) to reduced barren­
ness and increase yields of most hybrids planted at high popu­
lations. If nitrate reductase is a measure of the activity of 
the plant as suggested by Hageman (1961), then the increased 
yield, of the detasseled or the male sterile plants over the 
normal fertile plants should be reflected in an increase in 
nitrate reductase activity. The comparison of the activity of 
male sterile and detasseled plants to the normal fertile in 
this study produced conflicting results. With the April 21 
date of planting the detasseled and male sterile plants were 
superior to the normal fertile plants in their nitrate reductase 
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activity, however, the June 16 planting produced, varying results 
with no differences between treatments. Thus, the question is 
not resolved. 
The effect of date of planting on nitrate reductase ac­
tivity is a rather perplexing one. The June planting produced 
consistently lower activity readings than were obtained for the 
April planting. The lower mean readings were in part due to 
lower activity for the early morning collected samples. Since 
the samples for both dates were collected at the same time of 
day, there was somewhat less light intensity for the morning 
samples collected from the second date of planting. If only 
the afternoon samples are compared, lower values are still ob­
served for the second date of planting. This suggests that 
perhaps some other environmental factor was limiting. Moisture 
may have been the major factor as some wilting and rolling of 
leaves was observed in the late afternoons near the end of the 
sampling period. Hageman et (1961) has indicated that 
stresses other than light may have a large influence on the 
nitrate reductase activity of the plant. 
Under stress conditions the detasseled and male sterile 
plants produced fewer barren plants than the normal fertile 
plants. These observations are in accord with the results of 
Ghinwuba et al. (1961) and Schwanke (1965). These plants did 
not have a higher level of nitrate reductase activity than the 
normal fertile. 
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SUMMARY 
An investigation of the effect of date of planting and the 
relationship of plant population to yield, barrenness and other 
morphological characteristics in six single cross hybrids of 
corn was conducted in 1965 and 1966, A second, study in 1966 
investigated the relationship of planting date to levels of 
sugar, nitrate reductase and dry matter changes in three single 
cross hybrids, their detasseled counterparts and the cytoplasmic 
male sterile of two of the hybrids. 
In the date of planting study, the high population in­
tolerant hybrids, G103 x Hy, Wf9 x C103 and 071 x 705, produced, 
the highest yields with the earliest plantings and. the lowest 
yields with the latest plantings. The high population tolerant 
hybrids, M14 x B14, 07 x Hy and. 695 x 334, were affected less 
by date of planting but they too exhibited, a decline in yield, 
with delay in planting. The mid-April and early May plantings 
were the highest yielding for all hybrids. 
The ill effects of to high plant population (30-34,000 
plants per acre) were accentuated, with the later dates of 
planting. Barrenness and. nubbin ear production increased 
markedly with the mid-May and June plantings, with the greatest 
changes observed for the high population intolerant hybrids. 
Early planting reduced barrenness to a minimum at both normal 
and high population. Silking was delayed more relative to the 
anthesis date for the high plant population and for the later 
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dates of planting for all hybrids with the population intoler-
ant hybrids exhibiting the greatest delay in silking» 
Stover yields did not vary significantly with dates of 
planting. The grain-stover ratio differed widely with date of 
planting and. hybrid, with the late plantings having much lower 
grain-stover ratios due to the reduction in grain yields. The 
high population intolerant hybrids gave the lowest grain-stover 
ratios with the late plantings but not for the early dates of 
planting. 
The increase in leaf area above the ear and ear height for 
all hybrids from the first to last date of planting was highly 
correlated, with mean solar radiation from emergence to 30 days 
before anthesis. Responses to temperature were noted but were 
less significant. 
Grain quality as measured by bushel weight decreased with 
each succeeding delay in planting date but was only slightly 
affected, by the plant population. Lodging response was 
somewhat different, increasing with delay plantings and at the 
high plant population* 
The determination of soluble solids with a refTactometer 
did not give a good estimate of stalk sugars unless dry matter 
determination also were made. The refractometer reading was 
highly correlated with the dry matter percentage of the tissue 
sampled» Dry matter was found, to change rapidly over the period, 
from early tassel emergence to silking. The data suggests that 
plants having a high dry matter percentage will be early silking 
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whereas those with a low dry matter percentage will be late 
silking. 
Total dilute acid extractable sugars differed among hybrids 
grown at 34,000 plants per acre and change rapidly over the 
period from early tassel emergence to post silking. Wf9 x G103 
had the lowest sugar percentage and C103 x Hy the highest. 
Both are high population intolerant hybrids. 0h43 x B37 is a 
population tolerant hybrid and was between the former two 
hybrids in sugar levels. The late date of planting reduced 
sugar 41% relative to those obtained, for the first planting. 
Nitrate reductase activity differed for hybrids, dates of 
planting, stage of plant development, and. time day sampled. 
Oh43 X B37 and. G103 x Hy produced the highest levels of nitrate 
reductase activity with Wf9 x 0103 having much lower levels of 
activity. Nitrate reductase activity decreased 34% with the 
late planting. 
Detasseling and male sterility effects on sugar percentage 
and. nitrate reductase activity were variable with higher nitrate 
reductase for the detasseled and male sterile than the normal 
fertile when planted early but less when planted late* Sugar 
percentages were higher for the detasseled and. male sterile for 
both plantings in all but two comparisons. 
Thus, the increased, yields obtained, with early dates of 
planting appeared, to be a function of reduced, barrenness due to 
higher levels of plant sugar and nitrate reductase activity. 
Detasseling and male sterility reduce the respiratory needs of 
sugar thus increasing the stalk levels and promoting ear de­
velopment. 
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Appendix Table 1. 1965 Ames, Iowa, solar radiation data 
(Langley's per day) 
Day of 
month April May June July August September October 
1 129 481 176 257 634 573 443 
2 105 560 356 666 432 534 427 
3 49 317 202 669 436 375 437 
4 152 320 139 507 597 176 372 
5 47 243 419 638 457 443 385 
6 263 328 370 394 449 126 240 
7 420 288 549 669 419 12 9 269 
8 105 282 609 670 619 120 399 
9 411 597 460 536 623 418 401 
10 56 516 351 370 560 504 296 
11 309 501 57 9 591 605 512 399 
12 159 598 522 517 588 89 335 
13 416 519 550 426 584 247 379 
14 90 281 467 699 563 143 162 
15 131 226 555 601 518 306 154 
16 431 129 591 653 441 40 175 
17 377 599 630 649 527 189 258 
18 310 552 592 399 383 124 338 
19 489 604 492 109 544 126 86 
20 502 367 417 119 368 128 57 
21 497 361 638 408 73 166 141 
22 472 105 569 637 479 315 305 
23 241 374 707 597 512 293 309 
24 39 429 734 570 232 399 372 
25 104 380 623 595 551 458 342 
26 517 249 267 245 415 221 319 
27 111 318 441 587 300 28 313 
28 609 614 672 660 594 307 312 
29 583 264 325 617 133 347 286 
30 560 432 599 408 130 139 241 
31 512 369 397 319 
Total 8684 12346 14601 15832 14163 7975 9271 
Average 290 398 487 511 457 266 299 
131 
Appendix Table 2. 1966 Ames, Iowa, solar radiation data 
(Langley's per day) 
Day of 
month April May June July Augus t September o
 
o
 
rt
 
O cr
 
1 450 628 621 625 363 404 415 
2 237 650 187 597 589 370 _ 420 
3 335 582 593 614 524 287 255 
4 239 648 532 647 479 562 403 
5 116 560 172 447 545 470 478 
6 470 57 5 720 690 564 548 462 
7 285 520 355 676 582 565 441 
8 375 205 151 578 426 544 442 
9 555 520 394 565 529 533 345 
10 114 443 749 671 478 529 390 
11 120 34 515 713 566 510 390 
12 522 82 454 686 555 467 85 
13 537 206 582 631 169 397 115 
14 512 622 637 222 517 17 5 120 
15 310 270 242 350 455 480 68 
16 559 598 560 591 590 375 295 
17 2 54 425 504 595 546 415 262 
18 69 644 678 555 589 230 110 
19 172 634 654 590 667 260 340 
20 232 224 552 661 229 470 330 
21 643 568 604 652 98 450 388 
22 316 605 626 299 275 465 450 
23 137 183 630 542 567 465 355 
24 601 687 621 549 370 235 437 
25 570 685 622 587 597 325 415 
26 455 689 612 277 588 100 404 
27 172 665 492 563 580 180 407 
28 675 690 630 463 531 270 382 
29 98 670 659 407 498 290 288 
30 614 723 659 544 497 120 299 
31 690 584 520 205 
Total 10744 15925 16007 16071 14923 11491 10190 
Average 358 514 534 541 481 383 32 9 
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Appendix Table 3. 1965 Ames, Iowa, temperature and precipitation 
data 
April June 
Daily Daily Dai ly Daily Daily Daily 
ly of Temp. ("F.)  Precip. Temp. ("F.)  Precip, Temp. ("F.)  Precip. 
)nth Min. Max. (in. ) Min. Max. (in.) Min. Max, (in.) 
1 33 47 59 88 58 81 .15 
2 30 36 58 87 57 75 
3 32 36 .22 58 83 60 75 .55 
4 33 43 .03 58 81 62 70 1.50 
5 35 44 .95 63 81 .18 64 78 T 
6 41 51 .06 62 81 T 57 79 .47 
7 32 60 64 84 .10 51 78 
8 41 59 .58 60 82 .28 54 78 .58 
9 34 56 60 75 54 73 
10 45 55 .63 43 71 58 76 
11 41 65 T 43 71 62 85 
12 37 56 T 47 86 64 85 
13 32 58 55 87 59 85 
14 45 56 .22 59 82 T 57 76 
15 41 55 59 79 .01 55 78 
16 29 55 54 74 50 78 
17 33 55 45 84 54 76 
18 37 51 57 82 52 77 
19 31 68 42 76 55 85 
20 40 68 57 81 67 83 .06 
21 44 72 62 81 .08 48 80 
22 48 78 54 79 1.15 66 85 .15 
23 53 75 .09 53 79 .03 67 83 
24 40 58 1.09 60 80 .01 52 78 
25 36 42 1.33 61 82 .31 60 79 
26 33 58 59 78 2.08 63 79 .17 
27 38 58 .25 39 64 68 85 
28 33 58 36 58 64 85 .65 
29 37 80 39 61 .45 67 84 .52 
30 50 89 40 64 59 79 
31 52 83 
Average or 
total 37.8 58.1 5.45 53.5 78.2 4.68 58.8 79.6 4.80 
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Appendix Table 3. (Continued.) 
July Augus t September 
Day of 
month 
Daily 
Temp. (OF.)  
Min. Max. 
Daily 
Precip. 
(in.) 
Daily 
Temp.(Of.) 
Min. Max. 
Daily 
Precip. 
(in.) 
Daily 
Temp.(OF.) 
Min. Max, 
Daily 
Precip, 
(in.) 
1 62 80 T 57 81 46 71 
2 64 81 .24 55 80 47 79 
3 56 82 57 84 59 79 .13 
4 58 84 T 59 84 60 75 .22 
5 59 84 .07 63 91 44 73 
6 64 81 .22 65 84 .15 51 69 . 61 
7 59 83 64 84 .02 61 71 1.26 
8 61 85 62 78 .02 57 69 .45 
9 65 84 .70 54 83 66 86 ,48 
10 56 76 58 87 50 80 
11 58 81 58 89 44 71 
12 64 86 .01 63 96 49 69 T 
13 75 86 .03 65 98 60 75 
14 60 81 61 95 56 75 .20 
15 57 84 63 93 44 70 T 
16 62 91 68 86 47 59 .02 
17 64 89 64 93 .05 54 64 . 06 
18 65 85 T 65 92 52 74 ,92 
19 65 80 .16 59 83 .01 59 71 .29 
20 65 72 .10 57 80 54 60 .01 
21 69 89 62 78 .09 54 66 .89 
22 73 94 53 74 43 67 
23 72 96 48 76 41 60 
24 67 94 53 75 .02 34 55 
25 62 87 58 91 .43 37 73 
26 67 86 T 58 89 T 36 66 
27 63 83 61 86 .39 41 50 1.27 
28 54 81 46 67 49 75 
29 55 83 50 66 .32 55 75 T 
30 60 85 T 54 66 1.12 47 70 .42 
31 67 78 .09 54 69 .06 
Average or 
49. 9 69.  9 7.23 total 62.8 84. 2 1.62 58.  5 83. 2 2.68 
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Appendix Table 3. (Continued) 
October 
Daily Daily 
Day of Temp.(°F.) Precip. 
month Mm. Max. (in.) 
1 39 66 
2 45 75 
3 37 73 
4 40 63 
5 45 69 
6 55 70 .03 
7 44 68 
8 50 65 
9 39 66 
10 38 72 
11 40 67 
12 30 68 
13 33 64 
14 43 69 T 
15 44 72 
16 55 73 T 
17 62 81 
18 54 79 
19 58 74 .09 
20 50 62 .37 
21 46 56 .51 
22 32 60 
23 42 55 
24 27 52 
25 37 66 
26 35 59 
27 39 61 
28 30 53 
29 32 66 
30 42 69 
31 41 65 
Average or 
total 42.1 66.4 1.00 
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Appendix Table 4. 1966 Ames, Iowa temperature and precipitation 
data 
April May June 
ly of 
)nth 
Daily 
Temp.(Op.)  
Min. Max, 
Daily 
Precip. 
(in. ) 
Daily 
Temp.(°F.) 
Min. Max. 
Daily 
Precip. 
(in. ) 
Daily 
Temp.(°F.) 
Min. Max, 
Daily 
Precip. 
(in, ) 
1 40 61 28 53 45 7F 
2 29 53 33 70 54 73 .51 
3 33 47 .03 32 68 57 81 
4 31 42 T 46 83 62 82 T 
5 31 38 T 58 87 64 79 .11 
6 30 50 50 87 54 73 .06 
7 29 45 50 88 .07 52 75 T 
8 29 47 T 47 80 T 57 71 T 
9 24 47 32 51 47 66 1.63 
10 28 46 .36 27 51 47 68 T 
11 36 46 35 45 1.05 54 81 .02 
12 33 53 37 42 .80 60 81 4.02 
13 32 55 39 45 .10 60 79 
14 34 62 33 64 53 76 ,03 
15 36 58 .02 50 67 .34 58 76 ,09 
16 36 64 42 75 53 71 .04 
17 44 65 .02 54 74 .79 53 75 T 
18 40 52 46 68 53 79 
19 43 65 .09 42 71 58 82 
20 29 46 44 70 .15 62 88 
21 20 58 47 71 61 86 
22 31 58 51 79 61 85 
23 47 58 .03 53 76 1.51 63 87 
24 41 73 43 74 62 89 
25 41 79 50 79 70 92 
26 53 78 53 88 64 91 .13 
27 36 74 61 87 62 86 
28 28 55 49 83 64 83 1.62 
29 35 54 .22 45 73 65 86 
30 32 50 .30 44 71 65 88 
31 43 72 
Average or 
total 34.4 56,0 1.07 44.0 70.7 4.81 58.0 80.2 8.56 
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Appendix Table 4. (Continued) 
July August September 
Daily Daily Daily Daily Daily Daily 
Day of Temp.(°F.) Precip. Temp.(°F.) Precip. Temp.(°F.) Precip. 
month Mm. Max. (in.) Min. Max. (in.) Min. Max. (in.) 
1 68 89 67 85 60 85 T 
2 70 90 61 82 65 81 
3 69 90 54 80 63 81 
4 68 92 54 80 59 80 
5 69 92 T 61 83 .01 53 74 
6 63 83 .31 59 88 49 73 
7 59 83 61 84 1.00 48 76 
8 65 85 .14 58 82 .11 45 79 
9 72 92 53 74 49 81 
10 75 95 57 74 51 83 
11 73 95 52 79 50 81 
12 77 97 T 55 81 54 83 
13 73 94 58 82 54 82 
14 70 92 T 56 80 53 79 .05 
15 65 79 .04 64 80 37 67 
16 59 82 54 87 40 66 
17 59 88 60 89 47 71 
18 73 94 61 89 .09 45 73 
19 67 93 52 81 48 73 
20 57 84 57 81 .15 48 76 
21 54 80 62 80 .67 46 81 
22 53 80 52 65 45 81 
23 63 81 .14 47 70 47 77 
24 64 87 49 72 T 43 71 .05 
25 65 88 50 79 50 66 .05 
26 69 87 T 52 85 38 64 .06 
27 65 89 55 84 47 64 .02 
28 68 89 .41 57 84 44 73 
29 63 83 .24 61 88 49 68 T 
30 58 80 63 87 41 57 .02 
31 57 84 60 86 
Average or 
total 65.5 87.6 1.28 56.8 81.3 2.03 48.9 74.9 0.25 
137 
Appendix Table 4. (Continued) 
October 
Daily Daily 
Day of Temp.(°F.) Precip. 
month Mm. Max. (in.) 
1 31 58 
2 39 74 
3 49 71 T 
4 39 64 
5 34 62 
6 32 76 
7 47 84 
8 53 83 
9 53 77 
10 38 66 
11 33 73 
12 48 71 .01 
13 53 74 
14 64 82 T 
15 35 68 .15 
16 36 50 
17 26 63 
18 40 60 .06 
19 32 56 .12 
20 32 67 
21 48 68 
22 40 66 
23 29 63 
24 31 58 
25 28 67 
26 35 76 
27 40 81 
28 45 79 
29 28 60 
30 25 62 
31 41 53 
Average or 
total 38.8 68.1 0.34 
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Appendix Table 5. Mean daily solar radiation for various 
periods from planting to anthesis for four 
dates of planting in 1965 and 1966 
Date 
planted 
Planting 
to 30 
days prior 
to anthesis 
(Lys/day) 
30 days 
before 
anthesis 
(Lys/day) 
Planting 
to 
anthesis 
(Lys/day) 
4-20-65 393 545 458 
5-3-65 417 553 478 
5-15-65 466 512 488 
6-7-65 542 507 522 
4-14-66 504 588 536 
5-3-66 537 583 557 
5-20-66 549 562 555 
6-7-66 581 504 547 
Appendix Table 6. Mean daily air temperatures for various 
periods from planting to anthesis for four 
dates of planting in 1965 and 1966 
Date 
planted 
Planting 
to 30 
days prior 
to anthesis 
(Op.)  
30 days 
before 
anthesis 
(°F.)  
Planting 
to 
anthesis 
(Op.)  
4-20-65 63.7 70.5 66.2 
5-3-65 66.5 71.8 68.6 
5-15-65 66.7 73.9 69.6 
6-7-65 69.8 73.6 73.0 
4-14-66 57.5 77.4 64.0 
5-3-66 61.5 76.9 67.4 
5-20-66 66.7 77.0 71.2 
6-7-66 73.6 71.5 72.7 
Appendix Table 7. Mean squares for plant characteristics and. responses of hybrids 
planted at two populations on four dates in 1965 
Anthesis Plant Ear 
Source d.f. date Silking height height Lodging 
Reps (R) 3 4.46 5.05** 64.41 18.94 172.88 
Dates (D) 3 4245.70** 4410.24** 744.67** 463.51** 3889.06** 
R X D 9 2.26 0.26 20.37 7.85 268.56 
Hybrids (H) 3 83.96** 143.32** 1135.34** 1117.64** 7815.93** 
D X H 9 4.62** 11.13** 20.26* 9.91** 981.96** 
Error b 36 1.30 1.92 6.96 3.18 136.24 
Populations (P) 1 2.13 113.82** 8.30 63.14** 1762.99** 
D X P 3 1.20 2.59 17.46** 9.20** 220.53 
H X P 3 0.83 .24 5.15 2.50 1280.90*" 
D X H X P 9 1.21 1.29 1. 55 1.36 183.10 
Error c 48 1.05 1.00 3.07 1.87 105.46 
Coefficient of 
variation (%) 4.41 3.78 
o
 
1—I CM 3.49 56.62 
Appendix Table 7. (Continued) 
L.A.I. Total Grain 
Source d.f. Nubbins Barrens above ear L.A.I. yield 
Reps (R) 3 105.69 57.45 0.0846 0.1736 600.1 
Dates (D) 3 820.82" 500.74** 1.4270** 6.7374** 14678.8*" 
R X D 9 162.69 21.63 0.1606 0.3842 334.3 
Hybrids (H) 3 176.99 392.72** 0.8363** 0.5428* 863.4* 
D X H 9 117.43 191.26** 0.1205 0.3047 352.6 
Error b 36 92.26 24.02 0.1082 0.1699 247.7 
Populations (P) 1 764.31** 475.59** 6.9146** 22.7389** 1633.8* 
D X P 3 318.12** 75.30 0.3076** 0.6619** 505.0*' 
H X P 3 52.82 58.36 0.0554 0.1865 80.6 
D X H X P 9 75.49 41.27 0.0375 0.0456 190.3 
Error c 48 54.47 29.55 0.0542 0.1360 102.9 
Coefficient of 
variation (%) 69.88 76.08 10.60 9.99 9.74 
Appendix Table 8. Mean squares for 1965 and 1966 stover yields and grain-stover 
ratio 
1965 1966 
Stover Grain- Stover Grain-
Source d.f. yield stover d.f. yield stover 
ratio ratio 
Reps (R) 3 2.009 0.0564 2 2.506 0.0064 
Dates (D) 2 1.081 2.7470** 2 2.457 3.4228* 
R X D 6 1.471 0.0964 4 10.890 0.2571 
Hybrids (H) 3 4.408** 0.1716* 4 105.80** 0.9992* 
D X H 6 1.557* 0.1934** 8 10.978** 0.3274* 
Error b 27 .567 0.0539 24 1.800 0.1010 
Populations (P) 1 16.453** 2.8359** 1 164.998** 7.6854* 
D X P 2 .514 0.1438* 2 1.538 0.0345 
H X P 3 .379 0.0385 4 1.739 0.0240 
D X H X P 6 .278 0.0288 8 5.743** 0.1053* 
Error c 36 .611 0.0421 30 1.294 0.0342 
Coefficient of 
variation (%) 15.48 14.21 11.01 16.30 
Appendix Table 9. Mean squares for anthesis date, silking date, plant height, and 
ear height of hybrids planted at two populations on four dates in 
1966 
Anthesis Silking Plant Ear 
Source d.f. date date height height 
Reps (R) 2 0.13 7.98^, 21.26 38.93 
Dates (D) 3 2324.36** 2873.88*'' 312.36** 68.54* 
R X D 6 5.10 3.88 19.23 11.83 
Hybrids (H) 4 78.84** 191.75** 1872.12** 1223.09* 
D X H 12 1.40 7.75*" 47.57** 32.92* 
Error b 32 1.16 1.73 11.57 6.02 
Populations (P) 1 22.79** 300.83** 74.26** 139.75* 
D X P 3 0.46 6.66** 3.47 13.24 
H X P 4 1.67 1.35 8.39 7.65 
D X H X P 12 0.94 4.60 9.46 5.03 
Error c 40 0.60 1.22 4.27 5.22 
Coefficient of 
variation (%) 2.87 3.54 I
—
1 1—1 CN 
5.01 
Appendix Table 10. Mean squares for lodging, nubbins, barrens, and grain yield for 
hybrids planted at two populations on four dates in 1966 
Source d.f. Lodging Nubbins Barrens 
Grain 
yield 
Reps (R) 3 175.60 40.74 7.92 12.75 
Dates (D) 3 210.03 1123.90** 220.33** 344.76** 
R X D 9 59.25 23.12 24.41 8.06 
Hybrids (H) 4 1196.98** 110.96** 75.92** 30.43** 
D X H 12 143.46* 31.79* 12.84 13.13** 
Error b 48 55.87 13.62 12.15 3.40 
Populations (P) 1 2455.96** 873.29** 2760.58** 324.39** 
D X P 3 23.92 144.74** 173.85** 8.76** 
H X P 4 207.15** 6.80 61.15** 6.95* 
D X H X P 12 85.93** 18.50** 7.97 2.16 
Error c 60 30.60 5.16 15.64 1.71 
Coefficient of 
variation (%) 67.79 22.98 76.39 12.08 
144 
Appendix Table 11. Mean squares for leaf area above the ear and 
total leaf area for hybrids planted at two 
populations on four dates in 1966 
L.A.I. 
above Total 
Source d.f. ear L.A.I. 
Reps (R) 1 0.0046 0.0208 
Dates D 3 0.1909 1.2366 
R X D 3 0.0497 0.2383 
Hybrids (H) 4 0.5414** 3.5994 
D X H 12 0.0708 0.1940 
Error b 16 0.0324 0.3214 
Populations (P) - 1 16.4076** 62.8879 
D X P 3 0.1413 0.2136 
H X P 4 0.0483 0.2955 
D X H X P 12 0.0138 0.0713 
Error c 20 0.0511 0.1476 
Coefficient of 
variation (%) 9.25 8.29 
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Appendix Table 12. Mean squares for nitrate reductase activity 
for hybrids planted on two days and sampled 
at four stages of development and two times 
a day 
Source d.f. M.S. 
Reps (R) 1 0.0853 
Dates (D) 1 0.7624 
R X D 1 0.0525 
Hybrids (H) 7 0.0670* 
D X H 7 0.0192* 
Error b 14 0.0062 
Stages (S) 3 0.4293* 
D X S 3 0.1606 
H X S 21 0.0087 
D X H X S 21 0.0158 
Error c 48 0.0141 
Time (T) 1 0.2903* 
D X T 1 0.0053 
H X T 7 0.0111 
S X T 3 0.0264 
D X H X T 7 0.0059 
D X S X T 3 0.0680* 
H X S X T 21 0.0083 
Error d 85 0.0124 
Coefficient of 
variation (%) 39.72 
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Appendix Table 13. Mean squares for sugars, dry matter and 
refractometer readings for hybrids planted 
on two dates and. sampled at four stages in 
1966 
Dry Refractometer 
Source d.f. Sugars matter reading 
Reps (R) 1 0.94 6.05 3.11 
Dates (D) 1 3197.05 122.34 32.63* 
R X D 1 153.39 9.43 0.15 
Hybrids (H) 7 171.58** 75.00** 8.62** 
D X H 7 34.66 5.76 2.56** 
Error b 14 22.47 3.62 0.37 
Stages (S) 3 1896.50** 665.34** 78.80** 
D X S 3 1335.46** 28.45** 3.63** 
H X S 21 52.61 5.90 1.35 
D X H X S 21 57.71 4.30 1.14 
Error c 48 38.61 4.34 0.76 
Coefficient of 
variation (%) 54.26 16.25 13.77 
